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FOREWORD 


This report describes a nonlinear rotorcraft model and associated 
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California. 
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REXOR II ROTORCRAFT SIMULATION MODEL* 


Volume III User '3 Manual 
J. S. Reaser and P. H. Kretslnger 
Lockheed -California Company 
SUMMARY 

This report describes a generalized format rotorcraft nonlinear 
simulation called REXOR II. The program models single main rotor vehicles 
with up to seven main rotor blades. Wings, two horizontal tail planes, 
and auxiliary thrustors may be included to model a variety of compound 
helicopter configurations. 

Program output is primarily in the form of machine plotted time his- 
tories specified ‘from a signal list. This list is, in turn, user selected 
from a set of computation variables used by the program. 

LIST OF SYMBOLS 


The symbols used in REXOR II are quite numerous. In order tc keep the 
list to manageable proportions a list of basic symbols is given, followed 
by subscripts, superscripts , and postscripts. Nonconforming cues of usage 
together with complicated or obscure subscripting are fully annotated in 
the basic list. 


SYMBOLS 

a 




arbitrary vector 
speed of sound, m/s 

2 

acceleration vector, m/s (ft/s ) 

longitudinal component of blade first harmonic flapping, rad. 
generalized mass element matrix 
modal variables 

generalized displacement of nth blade, first mode 


•The contract research effort which has lead tc the results in this report 
was financially supported by USARTL (AVRADCOM) Structures Laboratory. 





b 

B 



C X,Y,Z 

C *,8,* 

C l,2,3 

C(k) 

d 

dr 

dt 

d/dt 

<*/•><, 

(d/e) i 

e 

El 

r im 


generalized displacement of ath blade, second mode 
generalised displacement of nth blade, third mode 
cosine component of blade first harmonic cyclic, rad 
number of main rotor blades; arbitrary vector 
dissipation function 

sine component of blade first harmonic cyclic, rad 

blade segment chord, m (ft) 

damping matrix • 

aerodynamic drag coefficient 

aerodynamic lift coefficient 

aerodynamic pitching moment coefficient 

power coefficient 

thrust coefficient 

linear damping, N/m/s (lb/ft/s) 

rotcry damping, N-m/rad/s (ft- lb/rad/s) 

blade bending to feathering couplings 

lift deficiency function 

infinitesimal increment 

increment in rotor, radius, m (ft) 

increment in time 

derivative with respect to time 

swashplate to feather gear ratio, zero collective 

swashplate to feather gear ratio slope with collective 

pitch horn effective crank arm, m (ft) 

blade bending stiffness distribution, N-m 2 (lb-ft 2 ) 

ground effect factor for main rotor 


2 



p 

F 

X.Y.Z 

F 

♦ .e»* 

F 

fgPH 

g 

®X,Y,Z 

G 

{ 3 > 

G 

GJ 


i 

J 

J 

k 


Ck] 


mj 


factor; force, H (It) 

force components along X,Y,Z directions, H (lb) 
generalized force about $ s e, ip axis 
feathering mode generalized force 
gravity, m/s 2 (ft/s 2 ) 

gravity components along X,Y,Z directions 
gear ratio 

generalized force vector 

gyro angular acceleration partial product 

blade torsional stiffness, N-a (lb - ft ) 


h 

= 

Em^ 

Xj 2 , kg-m 2 (slug- ft 2 ) 


= 

Enu 

Yj 2 , kg-m 2 (slug- ft 2 ) 

x z 

= 

Em. 

a 

Zj 2 , kg-m 2 (slug- ft 2 ) 

I xx 

= 

Em. 

l 

(Yi 2 * 

Zj 2 ). kg-m 2 (slug-ft 2 ) 

X YY 

= 

Em i 

(x t 2 + 

Zj 2 ) , kg-m 2 (slug-ft 2 ) 

^■zz 


Em^ 

(Xj 2 + 

Yj 2 ), kf -m 2 (slug-ft 2 ) 

*XY 

= 

Em^ 

x iV 

kg-m 2 (slug-ft 2 ) 

"xz 

= 

Em. 

x i z i* 

kg-m 2 (slug-ft 2 ) 

I YZ 

s 

Em. 

X 

Y i z i* 

kg-m 2 (slug-ft 2 ) 


unit vector 
unit vector 
advance ratio 

number of blade radial stations; reduced frequency, 
rad/s; unit vector 

spring matrix 

blade spring matrix element 
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’Xy.z 

K *.e t * 



L 

m 

nip, 

°H 

m. 

i 

m SP 

M 

[M] 

M rk 

«X 

*Y 

'"z 

V,Z 

M * 

N 

P 

P iMR 

q 


spring constants along X,Y,Z direction* N/m (lb/ft) 

spring rates about 4>, 8, 4* axis, N-m/rad (ft-lb/rad) 

location inboard feather bearing, a (ft) 

location outboard feather bearing, m (ft) 

radial location of intersection of precone and feather 
axis, a (ft) 

rolling moment, N-m ( ft-lb ) 

mass of element, kg (slugs) 

summed fuselage coordinate mass, kg (slugs) 

summed hub axis mass, kg (slugs) 

mass of itli particle or blade segment, kg (slugs) 

svashplate summed mass, kg (slugs) 

pitching moment, N-m (ft-lb); = Ecu, kg (slugs); mach number 
generalized mass matrix 
generalized mass matrix element 

* Enu kg-m (slug-ft) 

* Em i Y i , kg-m (slug-ft) 

= Zn r Z.., kg-m (slug-ft) 

moment? about X,Y,2 axis, N-m (ft-lb) 
blade torsional moment, N-m/m (ft-lb/ft) 
number of system particles 

angular velocity about X axis, rad/s; particle 

main rotor pitch moment inflow, m/s (ft/s) 

generalized coordinate; angular velocity about Y axis, 
rad/s 



‘kj* 

Q 


QLOADS 




0 

*24,2 


HA 

t 

T 

CTj 


u 

U 



w 


W iMF 

v 

i TH 


main rotor roll BOMBt inflow, m/s (ft/s) 
generalized forcing function 

aerodynamic pressure tines reference wing area, kg (lb) 
total noanain 'Otcr aerodynamic loads matrix 
tail rotor torque, JS-n (ft- lb) 

general vector; radius of curvature, ft; angular velocity 
about Z axis, rad/sec; notation for (X,Y,2) 

static blade shape 

vector displacement of particle p in X,Y,Z axis system 
vector displacement of x,y,z origin in X,Y,Z system 
gyro damper coupling ratios 

Laplace variable, path of notion of particle p 
blade spline length along neutral axis locii, us (ft) 
tine 

kinetic energy, H-m (ft-lb) 
transformation of coordinates matrix 
velocity in X direction, m/s (ft/s) 

potential energy function, R-m (ft-lb); strain energy, R-m u't-lb) 

air velocity on blade element, m/s (ft/sec) 

velocity in Y direction, a/s (ft/sec) 

trajectory velocity 

velocity in Z direction, m/s (ft/sec) 

main rotor collective inflow, m/s (ft/sec) 

toil rotor collective inflow, m/s (ft/sec) 

motion in X direction, m (ft); blade span location 


x 



X 


*sw 

*T 

*TR 

y 

Y 

Y 

TTO 

Y 

OHA 


z 

2 



1 , 2,3 

Z OBL 

Z OF 

Z OSP 

a 



FA 


PHn 


8 


0 


coordinate direction; axis; deflection, m (ft); location, 
m (ft); cross product 

blade radial station of sveep and jog, a (ft) 

trajectory path, a (ft) 

tail rotor longitudinal force, a (lb) 

■lotion in Y direction, o (ft) 

coordinate direction; axis; deflection, n (ft); location, a (ft) 
tension torsion pack outboard end modal coefficients 

difference between Y direction locations of eg and neutral 
axis points of blade eleeent, a (ft) 

Bastion in Z direction 

coordinate direction; axis; deflection, n (ft); location, a (ft) 

relative svashplate vertical displaceeent with respect to 
the hid), a (ft) 

tension- torsion pack outboard end modal coefficients 

teetering rotor undersling, m (ft) 

hub set distance above fuselage set, m (ft) 

hub set distance above svashplate set, c (ft) 

angle of attack, rad 

angle of attack with hub set, rad 

sideslip angle, rad 

blade feathering angle, rad 

feathering/pitch-horn bending or dynanic torsion 
generalized coordinate displacement 

blade droop relative to precone angle, rad 
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3e/3a 


6 

9 , 

A 


P 



blade sweep angle, rad; dynamic stall delay, s 

trajectory path angle with E set, rad 

limit deflection, rad; free play , rad; small increment 

tail rotor pitch - flap coupling 

downwash factor of ving on horizontal tail 

rector notation of $, 6, f 

rotation about Y axis, rad 

collective blade angle, rad 

sideslip at blade element , rad 

3 3 

air density, kg/m , { slugs/ ft ) 

time constant, s; natural period, s 
feathering axis precone, rad 
rotation about X axis, rad 
feathering angle, rad 

feathering angle of blade element of n th blade, rad 

blade root reference feather angle, rad 

blade torsion, rad 

sum of blade twist and torsion, rad 

wake angle of main rotor, rad, (deg) 

rotation about Z axis, rad; sideslip angle with hub set, rad 

control input axis rotation from svashplate, rad 

pitch lead angle, rad, (deg) 

trajectory path yaw with E set, rad 

main rotor apparent airflow angle, rad 

rotational speed, rad/s; angular velocity, rad/s; 
natural frequency, rad/s 
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3 


partial derivative, derivation 


SUBSCRIPTS 


a 

A 

b 

RRim 

BLE 

BLn 

C 

CG 

CORK 

dw 

DYH 

E 

ENG 

EST 

F 

FA 

FB 

Fn 

FR 

G 

GEN 

GFB 

GSP 


arbitrary coordinate set a 

due to aerodynamics 

arbitrary coordinate set b 

associated with blade elastic bending 

blade element coordinate system 

blade reference axis system for the nth blade 

associated vith pilot control input, chordvise 

associated vith center of gravity location 

corrective, correction 

referring to dovnvash 

referring to dynamic component 

earth axis 

associated vith poverplant - engine 
estimated 

fuselage axis; associated vith blade feathering 
referring to blade feather axis 
associated vith feedback 

associated vith feathering of the n th blade 
due to friction 

referring to gyro or gyro coordinate system 
associated vith gas generator section of poverplant 
associated vith gyro control feedback 
gyro to svashplate connection 
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GUB 

H 

HT 

i 

IB 

J 

Jog 

J 


Ja 

k 

LAG 

LIMIT 


MR 

n 

SA 

HEW 

NO 

HR 

OB 

OLD 

P 

PH 

r 

R 


relating to gyro ginbal unbalance 

referring to hub or principal reference axis system 

associated vith horizontal tail 

referring to inflow, particle 

referring to inboard feather bearing location 

spring matrix index 

associated vith blade attachment Joggle 
associated vith gyro end of feedback rod linkage 

associated vith feedback rod costing from the nth blade 

generalized mass index 

associated vith lead-lag damper 

signifying limiting value 

blade mode index, spring matrix index 

associated vith main rotor 

blade number index 

referring to blade segment neutral axis 

newly determined value 

normal (to airflow) component 

pertaining to nonrotating value 

referring to outboard feather bearing location 

value from previous time step 

associated with propeller; perpendicular blade component 
referring to pitch horn 
generalized mass index 
referring to rotor axis system 



REP 



S, SP 
STEADY 


SV 

* 

TS 

TRIM 

TW 

UB 

UNSTEADY 

VT 

WHIG 

X 

Y 

YA 

Z 

ZA 


associated with blade feather reference value 

referring to control gyro feedback lever moment 

referring to blade spanvise velocity; general node; static 
structural; shaft 

referring to blade segment shear center 

referring to svashplate 

command to svashplate 

referring to svashplate limit stop 

steady component 

referring to blade sweep angle location 

associated with trajectory path relating to E axis; 
tangential blade component ; blade torsion; blade twist 

associated with the tail rotor 

initial or trim value 

associated with blade twist (built in) 

relating to control gyro unbalance 

associated with unsteady component 

associated vith vertical tail 

associated with the wing 

relating to component in X direction 

relating to component in Y direction 

relating to aerodynamic component in Y direction 

relating to component in 2 direction 

relating to aerodynamic component in Y direction 
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0 

1,2,3 

IS 

lA c 
3A C 

8 PHn 

♦ 

e 

♦ 

SUPERSCRIPTS 

I 

T 

(-) 

(') 

(•) 

(") 

(- 1 ) 

A) 

POSTSCRIPTS 

(i) 

(n) 


(nought) associated with collective value, coordinate axis 
value, with respect to principal reference axis, blade 
root simulation 

with respect to blade modes 1, 2, or 3 
first harmonic component shaft axis feathering 
with respect to blade 1/U chord 
vith respect to blade 3A chord 

associated with the feathering mode of the n th blade 
relating to component in the $ direction 
relating to component in the 8 direction 
relating to component in the $ direction 

referring to inertial reference 

matrix transpose 

(bar) average quantity 

(prime) slope vith respect to blade span 

(dot) time derivative of basic quantity 

(double dot) second tine derivative 

matrix inverse 

vector quantity 

blade radial station index 
blade number index 
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1. IHTR0DUCTI05 


1.1 Contents of Manual 

Volume III is a user's manual. It is primarily concerned with the 
mechanics of operating the program. The .ier is assumed to be familiar with 
the contents of Volumes I and II. Many inputs are required ard a large por- 
tion of these pages are devoted to a description of the inputs. Before dis- 
cussing the inputs, the configurations the program can model and what consti- 
tutes easy and difficult program modifications are reviewed. The output plots 
and tabulations are also described. Due to the extensive computing time 
required for a run, a portion of this book is devoted to describing the run 
time requirements and time saving procedures. In the final section, the 
interfacing of the program with the user's machine is reviewed. 


1.2 Depth of Presentation 

Volume III assumes the user has a limited knowledge of the program and 
wishes to operate same. It is assumed that he is primarily an engineer and 
secondarily & programmer. How to modify the program is not a subject. The 
intention is to let the user input-output the program without a complete 
knowledge of the program code. This statement does not preclude the prospect 
that minor program changes will be desirable for a new configuration. 
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2. CONFIGURATIONS MODELED BY REXOR II 


2.1 Major Configuration 

The program, as presently structured, is limited to helicopter designs 
featuring a single main rotor and a tail rotor. However, there is nothing in 
the basic mathematical approach which limits the program to one lifting rotor. 


2.2 Overall Configurations 

Although the program is limited to one main rotor, t’.'e fuselage configura- 
tion is readily vs ■'•ble under one assumption; namely, the user is satisfied 
that the fuselage its attachments can he treated as one rigid body with 
flexible rotor mat controls and with rotors which are geared directly 

to the main rotor. Using inputs alone, a pure helicopter or a compound con- 
figuration with a thrustor can be simulated. The size of the horizontal and 
vertical tail surfaces can be readily changed. The user will find that pro- 
graming changes for the aerodynamic and inertial characteristics of items 
attached to the fuselage are relatively easy under the assumption given 
above. 


2.3 Main Rotor Configurations 

The program can handle a hingeless or articulated rotor of up to 7 blades. 
The hingeless design can be either stiff or soft inplane, but no soft inplane 
design has been operated in the program at this writing. The program has 
been run however as a soft inplane articulated rotor. The only difference 
between a hingeless design with a virtual hinge and a blade with a real hinge 
is in the shape of the blade bending mode in the blade root area and in the 
spring matrix describing the elastic characteristics of the blade structure 
itself. 


2.1* Control System Configuration 

The program models a swashplate driven directly from the cyclic stick 
through actuators. The swashplate inertia nay be so low and the spring rates 
so high, that it may be appropriate to run the program with the swashplate 
degrees of freedom locked out. The characteristic frequencies of these modes 
can be quite high and may lead to computation or numerical instability for a 
reasonable azimuth step between time points. 
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3. PROGRAM INPUT 


3.1 Relative Address/Master Data Input Systan 

3.1.1 Overview of concept . - REXOR II provides for a comprehensive description 
of a rotorcraft. Consequently, there are a large number of Inputs. To pro- 
vide a high degree of flexibility in manipulating the input data, a relative 
address (RA) input system is used. Some attributes of this form of data 
management are: 

• the order of the data is immaterial 

• the same item may be in the deck several times, the last one 
encountered being used. 

• only that data which is necessary need be input. 

A relative address system coupled with a master /temporary data set philosophy, 
produces an efficient data handling method. 

The master data set procedure provides a mechanism for good data manage- 
ment practices. For example, the master data sets could be stored on a storage 
device such as tape or disk and retrieved by name. The section which follows 
will present details concerning the construction and content of the data deck. 

?1.2 Data deck construction . - Data deck construction concepts begin with 
a series of definitions. The total collection of data submitted to the com- 
puter at any one time is called a run deck. A run deck is composed of data 
cards and control cards. These two card types will be discussed presently. 

The collection of data cards is called a data unit. Three types of data units 
will be considered as the basic units of data deck construction. These are: 

• master data 

• permanent change data 

• case data. 

Master data is a data unit which will be the base for a series of cases. 

A data unit which will permanently change the master data unit currently in 
use is called a permanent change data unit. Values of data defined in this 
data unit will override corresponding RA's in the master data unit. It should 
be added that permanency is only as long lived as the data deck in its cur- 
rent configuration. Case data is defined as a data unit which will tempo- 
rarily override corresponding master data RA's. The resulting data will be 
executed as a case. The generalized data unit concept leaves the user a great 
deal of freedom in data collection and management. 

The data units within a data deck are identified to the program by 
control cards. Control card and data card format and definitions follow. 
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• Control Card Format 


All control cards begin in column 1 and are alphanumeric. The 
7 control cards are 

Column Column Column 


MAST 

CHAH 

CASE 

END 

E N D A 

AERO 

AERO 


E R 
G E 



1 

2 


Program Recognizer Key 


Only the first k characters are actually used by the program as 
recognition keys. 


Control Character Definitions 


MASTER 

DATA 

This card signals the beginning of a master data 
deck, i.e.; all data cards vhich follow, up to the 
next "END" control card, constitute a master data 
deck. 

CHANGE 

DATA 

This card signals the beginning of a permanent 
change data deck, i.e.; all data cards which follow, 
up to the next "END" card, constitute a permanent 
change data deck. 

CASE 


This card signals the beginning of a case data unit. 
This card also contains an 8-character case I.D. 
in columns 9 - 16 * 

END 


This card signals the end of a data unit. 

ENDALL 


This card is the last card of a run deck. It is 
always required. 

AERO 1 
AERO 2 


These cards signal the beginning of special data 
units which are handled outside the relative address 
system. They are discussed in Section 3.2. 
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Data cards are of two types, numeric and character (alphanumeric). 

All numeric input data are identified to the program via an address in the 
range 1 to 3000. Alphanumeric character strings of two general types can 
also be input to th.* program via the relative address system. These are 
case identification titles (see Section 3.1+.1) and program output signal 
titles (see Section 3-1*. 5*1). Card formats for these data types follow. 

• Numeric Data Card Format 

One to five inputs can be entered on an input card. The card format 
is as follows: 


Card 

Column 

Field 

Definition 

Quantity 


1 - U 

l!+ 

IR1 

right adjusted 

5 - 8 

lit 

IR2 

right adjusted 

11 - 22 

E12.0 

V 1 


23 - 3U 

E12.0 

V 2 


35 - 1+6 

E12.0 

V 3 


1+7 - 58 

E12.0 



59 - 70 

E12.0 

V 5 



where IR1 is the RA of the first item on the card 
IR2 is the RA of the last item cn the card 
If one and only one item is input, V, , then only IR1 is required. 


WARNING: THE INPUTS ON A GIVEN CARD ARE SEQUENTIAL, 

i.e., SKIPPING FIELDS, BY LEAVING BLANK, IS NOT 
ACCEPTABLE. BLANK FIELDS ARE INTERPRETED AS A ZERO 
VALUE. 


Note the data field specification, E12.0. All inputs are real numbers 
and can be input in a variety of ways as described in your FORTRAN 
manual. But remember, an absent decimal point has an assumed position 
at the right of the field. 
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For tables of length greater than 5, i.e., more than will go on one 
data card, the total range may be described by one set of addresses. 
Let 


IR1 be the address of the first entry, and 

IR2 be the address of the last entry of the table. 

Then skip the IR fields on subsequent cards. 

• Alphanumeric Data Card Format 

Character strings are addressable by a single addi :ss. The card 
format is as follows. 


Card 

F'-ld 


Column 

Defi. '•.ion 

Quantity 

l-»* 

IU 

IR 

11-70 

15AU 

CHAR 


where IR is the address of character string CHAR up to 60 characters 
5000 series addresses are reserved for 20 character output titles. 
6000 series addresses are reserved for 60 character title strings. 

A run deck is composed of any number of data units with the following 
restrictions. 

• The first data unit must be a master data deck. 

• At least one case must be defined. 

A case data unit may consist of no changes. However, the presence of a case 
must be indicated by a "CASE" control card and an END card. The minimum run 
deck would look like that shown in Figure 1. 

A typical data deck structure is given on Figure 2. Note that: 

• A master data deck may be updated with any number of permanent 
change decks 

• Change decks and case decks can be interspersed 

• Any number of master decks may be present in a run deck. However, 
a master deck must be followed by at least one case deck. 

Finally, an example of a data deck is presented in Figure 3. 


IT 




3.1.3 Operational advantages . - The operation of the RA system permits 
categorizing data as either master data, master override data, or temporary 
case data. The system gives each input a unique address number . The 
advantage of master override is that a large block of data can be changed 
in the master due to a change of blade, the use of trim save cards, etc., 
for all the cases to follow. This block of data is easily identified and 
removed at the end of a series of cases. Hence the integrity of the master 
dat -> 's readily maintained. 

-e RA system also permits using the F format readin for data, flags, 
su .cion integers, etc. The internal equivalence within REXOR II converts 
the numbers to the type actually needed. The inputs may even simultaneously 
be a flag and a physical constant. 
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CARD COLUMNS 


i 2 3 »* 5 6 7 

123 l »567890l23»«5678?QI23»*567890123«567890123J*567890I23*i567Q90123J.56789012 

MASTER DATA 

6001 SIKORSKY S-58 ON REXOR II 


36 

21*. 


1*5 1*9 

1 . 1 . 0 . 

1. 1.0 

51 

21*0. 


62 

123- 


81 

28. 


91 

31*0. 


93 

1000. 


17911795 

i.OOOOOE 02 1.08000E 00 i.lOOOGE 

02 1.01*000? 00 1.20000E 02 

17961800 

9.60000E-Q1 1.80OC0E 02 0.0 

0.0 0.0 

271 

1.0 


1*3 

5.0 


53 54 

-.1708 -.3276 


99 100 

.0088 .12 


370 

25722. 


367 

.01* 


END OF MASTER DATA 


CHANGE DATA DECK THIS IS A BLADE DATA SET 


1*96 

0.1300E 02 


52 

0.2321E 02 


1269 

0.1500E 02 



501 505 0.1U5CE 01 0.2750E 01 0-55G0E 01 C.7500E 01 0.9500E 01 

506 510 0.1200E 02 0.1375E 02 0.1575E 02 0.1875E 02 0.2150E 02 

511 513 0.2l»00E 02 G.2575E 02 0.2800E 02 

5**1 5**5 0.17>*1*E 01 0.2928E 00 0.1009E 00 0.1622E 00 O.lShkE QC 

5U6 550 0.1596E 00 0.1689E 00 0.1?81*£ 00 0.15 1 *0E 00 0.1578E 00 

551 553 0.1856E 00 0.1537E 00 0.2670E 00 

121*6121*9 0.1271E 01 0.5823E 00 0.1271E 01 0.3261E 03 

END OF BLADE DATA SET 
CASE 105 
56 .2356 

I496 0.0 

36 0.0 

1*8 0 . 

END CF CASE DATA 
ENDALL 


Figure 3- Data deck card image example. 
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3.2 Blade Aerodynamic Coefficient Input 

Main rotor blade aerodynamic coefficients, 

C x * C ± (®, M) 

C d = C d <®, M) 

C * C («, M), 

IS 2L 

for a BACA 0012 airfoil are compiled within the program, and stored in a 
region which will be known as SET 2. The user nay choose to provide his own 
airfoil or a set of two airfoils via input. The technique for entering these 
tables is described in this section. The proper activation and use of the 
tables provided is discussed in Section 3-^.6. 3- 

The aerodynamic data block input is bandied outside the relative 
address system of REXOR II. Aero lata may be made available to REXOR II 
for a computer run by placing the proper data blocks ahead of a normal 
REXOR II data deck. The ability to change section data from case to case 
is not provided. 

Data table formats have been made compatible with Bell's C3l program, 
as described in Section 2.3 of Volume II of Report USAAMRDI-TR -7 h -1 OB 
(Reference 1). REXOR II provides a slight variation m input. A maximum 
of two sets. Set 1 and Set 2 can be input. Also, Set 1 or Set 2; or Set 1 
and Set 2 may be input. 


The presence of an aero set is signaled by a data control card AERO 1 
for Set 1 or AERO 2 for Set 2. An AEFO control card is followed ismt. 1 lately 
by the necessary C-8l group ID Card I1A. The formats are presented below 
for completeness. 


CARD 11/A Title and Control Card (TA^, A2, 612 format) 


Col 


l-»30 Alphanumeric title for the sets of tables 
3i-*32 NXL, number of Mach . umber entries in C table 

L 

33-»3 1 * NZL, number of angle-of-attack entries in C T table 

35-*36 NXD, number of Mach number entries in table 

37-»38 HZD, number of angle-of-attack entries in table 

39-^C NXM, number of Mach number entries in C M table 

Ul-*1*2 NXM, number of angle-of-attack entries in C„ table 

M 
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Lift Coefficient Table 


CARD 11/BI Mach number entries for table (7X, 9FT.0 format) 

Col 8*1 4 M^, lowest Mach cumber 

15*21 M^, next highest Mach number 

22-*28 Mj» nert highest Mach number 

29*35 next highest Mach number 

36*42 M^, next highest Mach number 

43*49 Mg, next highest Mach number 

50*56 M_ , next highest Mach number 

i 

57*63 Mg, next highest Mach number 

64*70 next highest Mach number 

CARDS 11/B2 Additional Mach Humber s (include only if HXL > 1C) 

Same format as CARD 11 /Bl; include additional cards as required 
with the same format to input HXD values of Mach numbers 

Card Sets for Angle of Attack/Lift Coefficient Data 

HZL card sets follow the Mach number entries. Sach set has the 
following format : 


First Card: 


Col 1*7 Angle of attack, degrees 
8*1 4 Coefficient at M * 

15*21 Coefficient at M = Mg 

22*28 Coefficient at M * 

29*35 Coefficient at M = 

36*42 Coefficient at M = 

43-»49 Coefficient at M = Mg 

50*56 Coefficient at M * K, 

i 

57*63 Coefficient at M = Mg 
64-*70 Coefficient at M = Mg 
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Second Card: ( include only if HZL > 10) 


1-7 

(Hot used) 


8-lfc 

Coefficient 

at M 

15-21 

Coefficient 

at M 

22-28 

Coefficient 

at M 

29-35 

Coefficient 

at M 

36-^2 

Coefficient 

at M 

1.3— **9 

Coefficient 

at M 

50-56 

Coefficient 

at M 

57-63 

Coefficient 

at M 

6WrO 

Coefficient 

at M 


*10 

*11 

*12 

*13 

M l 5 

"15 

"l« 

■*LT 

*10 


Third Card: (include only if HZL *19) 


Same forest as Second Card; include additional cards as required to 
input 3XL values of C^. 

Drag Coefficient Table 

CARDS 11/Cl, 11/C2, etc. Mach cumber entries 


Sane format as CARDS 11 /Bl, 11 /B2, etc.; HXD entries required 


Card Sets for Angle of Attack./Drag Coefficient Data 


HZD card sets required; same format as for lift coefficient card 
sets; HXD values of C D required for each card set 

Pitching Moment Coefficient Table 

CARDS 11/DI, 11/D2, etc. il/Dl, 11/D2, etc. 


Same format as lift and drag coefficient tables; NXM Mach number 
entries required; NZM card sets required with HXM values of C D 
for each card set. 
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3.3 The RA Set (Complete Numerical List) 


The listing which follows (Table 1) is designed primarily as a memory 
aid for the experienced user. Only a brief description of each input is 
given. The user is advised to consult Section 3-^, which categorizes the 
inputs into logical groups and supplies comprehensive information as to each 
input's use. Kote the units given in Table 1 reflect conventional units data 
data sets available at this writing. SI unit sets can be used interchangeably. 

The following table includes: 

a The relative address (RA) 

a The equivalenced FORT RAH name 

a A brief description 

a Typical values and associated units if applicable. 

For the sake of completeness, addresses which are not currently used are 
indicated as OPEN. Program variable dimension information is included where 
applicable. Parenthesis after the FORTRAN name encloses the array dimensions 
of that name. 

A reverse directory. Table 2, is given to aid in finding the RA number 
when the FORTRAN name is known. 
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TABLE 

1. - INPUT DATA/F ELATIVE ADDRESS TABLE 

»/A RRPGRAN 

s»»wt 

OFSCkl'HOll 

»A"n.e OMIT* 
VALUE 

f M« 

Wi»h[H Of MAIN ROTOR 

.••••E «l 

» 1*1 

RENDING Mliot I iMDICAfOM 
1 t*01CATE3 RRESENCt 

,IM»t Rt 

5 IV 

rttMileiC. "UOt 2 INDICATOR 

. 106IE 61 

• 1*3 

NChf lf.6 Moot 3 INDICATOR 

,II«IC Rl 

5 f»b» 

ELASTIC AtATHCNJAG INDICATOR 

.OOOOE 66 

6 NRT 

RfNAMic torsion indicator 

,«««»£ 06 

T "SR 

NMVtfFM of S»Ai»PL*TE CROWD 

.OOOOE AO 

« *.*ef 

N*i**HfR MR STSTfcN 

CoCR»inaTES 

.6000t 01 

0 ISi 

SHAFT » INDICATOR 

•OOOOE OO 

i* is; 

Shaft t indicator 

.OOOOE 60 

II (S3 

SnaFI I INDICATOR 

.OOOOE 00 

i; is« 

shaft phi indicator 

.OOOOE 00 

13 IS* 

shaft TmT InOICATuh 

.OOOOE 00 

10 IJk 

shaft RSI INDICATOR 

.OOOOE 00 

IS MR 

nu**hCR of moTuk coord 

.OOOOE 00 

16 ..OPEN..( IS) 

17 
IS 
l« 

20 

t\ 

« 

23 

i» 

IS 

in 

27 

if 

1* 

30 



Jl MATCEN 

generate hass matrix via 

ACCEL. RERTORHATIINS 

.OOOOE 00 

Note: Sample values 

and units reflect government 

supplied RSRA data sets. 
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’ABLE 1. 


Continued 


»/A 


uE*CM p l l'i*i 

SAMPLE 

VALUE 

UNIT* 

32 

otto 

ELEVATOR MlbGI«6 Ofl St » 

.0000F 00 

»*o 

33 

0«!t* 

AILERON RlG6l«& OFFSEt 

,000«E 00 

HAD 

J« 

T^crt*o 

T.AtL HOTUH C'JtttCTIVF 
RIullM, UFFStT 

.OOOOt 00 

HAD 

35 

D“»U>0 

4-JIUtO RIGGING OFFSET 

.0A00E 00 

HAD 

Jb 

TC'IT 

*i» kt*ui<lTlili«S To THI«« 

.4000E 01 


3? 

"•c 

IlF OOlVlilf. FUNCTIONS 

Ti* Tk|« 

.bOOOE 01 


3H 

ret 

INITIAL SIDESLIP *4«.l t 

.OOOOt 00 

OEG 

3« 

**00il 

IM1. PM*CtNl UlVtHRAKE 
E * Ta - ;s 1 0*» 4Nl.Lt 

,000«t 00 

PERCENT 

«o 

Pl'FLI 

I w | F . PtNctNT FL*P E*TtNSll»N 
* if.Lt 

.oooot “0 

percent 

41 


INTT. Pt^CtNl »ING INC IOt NCL 
ANGLE 

.OOOOt VO 

PERCENT 

4? 

pniHi 

Iitl. PERCENT Hyrt|2()NfAL TAIL 
INCIDENCE. ANGLE 

.oooot 00 

PERCENT 

43 

n$«vE 

SIGNAL Stf SALE FHfU. 

.OOOOE 00 


44 

**E“'» 

HLAI-F SI*. 1 Nut A AT RmICH To 
S.'ITLr* FKJ* St T I To 2 

.oooot 00 


45 

1S«P 

S~M° RDUT. rtjAUNOSTIC PHJnT 

.looot 01 


at» 

M»TP0T 

-ass — a t p i a pwim flag, if i , 

Pk»M IMI. *ATHi» 

. 1 OO0C 01 


47 

|»H »CH 

P INCH A T-I- -tST;>l oaTa utc* 

7sl>FF l*uN 

.oooot oo 


a* 

IPfjT 

CAIC"**' "U" FLoG 1 *»r S 

.oooot VO 


a* 

IPWJNl 

P*I>4t OoTP'JI FLAG J»»tS 
SEE "A*S 

.moot ol 


50 

l"V310f 

liSTEAHT At -II b 'PASS |«»£s 

.OOuOt 00 


t>l 

Ni? 

»*I m, ,j t h I’lttPiAL COUNT 
fPTS/H£v t 

•?*40t 03 

1 

ORIGINAL PAGE lb 
OF POOR QUALITY 
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TABLE 1. - Continued 


r/a 

S7*NUL 


DESCRIPTION 

sample 

VALUE 

UNITS 

5? 

U«fC« 


ini 7. “«?<* rotor speed 

,2»H 62 

hao/sec 

51 

»«tT 


ini t. percent long. Stic* 

PJSI?IW«, ?•*!** 

*.l70«t 60 

PERCENT 

5* 

P»CT 


iNtt. PERCENT LaT. STIC* 
position. Tri* 

", J276E 06 

percent 

55 R««CT 


T«TT. PfcPCt'.T RU»H>E»«TRI* 

.6I37E-0! 

PERCENT 

56 

P?KO? 


mn a P£**CtNT PAIN motor 
COLLECTIVE,!**!* 

,23Sftb 00 

PEHCFnT 

5T 

POP! 


INIT, PERCENT PROPULSION 
SETTinG, ?MtH 

.OOOOE 00 

PERCENT 

SB 

ALPHA 


ANGLE OF ATTACK 

-,2*««E 01 

DEG 

5? 

PhIE 


HAN* ANGLE 

-,«M6lE 01 

DSG 

60 

61 


?> 




ft? 

VI 


TNAJECTUPT VELOCITY 

,720Mb 02 

KNOTS 

bl 



FLIGH? PATH ANGLE 

.OOOOE 00 

DEG 

ft* 

JfelCTC 


HL»OF «.*€ T ? I SON 5EU, START 
CYCLE 

,0006b 00 


65 

WlM» 


VkNIlCAl. DOnNiAS* 

,6**««E 6 ! 

FT/SEC 

66 

» J iPR 


hull OUrtf«*ASN 

•,7003b -02 

HAD/SEC 

67 

01 MR 


PITCH OOANAASh 

-,o2l 0E-02 

RAO/SEC 

6H 

66 

70 

••0PEN*»C 

3) 




71 

nIMKO 


ll/OT OF *»1HR 

.oooob oo 


7? 

PlMfln 


0/0 T PINK 

.ooooe oo 


75 

U{MRQ 


0/OT 0I"« 

.oooob oo 


7*1 

PAP? 


oac/otho 

,0006b 00 


7S 

PTPT 


otc/otmo 

.nnoot oo 





ORIGINAL PAGE IS 
OF POOR QUALITY 
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TABLE 1. - Continued 


»/A 

P«OiG»a* 

5»**rtOL 


description 

SAMPLE 

VALUE 

UNITS 

n 

PlPT 


ntMorw/ofMU 

.OOOOt 

06 


77 

AITR 


Tail noTuR lO’»G, flap angle 

,2800t 

PI 

DEG 

71* 

■ JTP 


TAIL XUtlM* UU<iNk*SH 

.I560E 

0? 

FT/SEC 

7« 

66 


2> 





61 

P 


“AIN NOIMP RADIUS 

,2*00E 

'2 

FT 

82 

8* 

e<t 

• AflpEN*«( 

1) 





65 

TH| 


TU1AL MLAHE TrIST 
♦ U.UP AT TIP 

-."000E 

01 

DEG 

bf> 

GAINC 


51 ILF CONTROL APPORTION FACTOR 

. 1 090t 

01 


67 

CAtnEL 


flfvaTur COmTKOL apportion 

F ACTOR 

.oooot 

00 


66 

GAInTR 


tail rotor control apportion 

FACTOR 

.IOOOE 

01 


69 

GAI-VAL 


AILEPO. 1 CuMTWt'L APPORTION 
factor 

.000»t 

00 


•0 

GAt *t»o 


R'K.OFR cunThol apportion 
factor 

.OOOOE 

00 


9| 

F**A$S 


FoJFLAGt PASS 

.iOOOt 

OJ 

SLUG 

92 

END*** 


F'-GInE TRIP TOROUE 

.OOOOE 

00 

ft-lb 

95 

M 


INITIAL ALTITUDE 

. 1 POOF 

0<* 

FT 

9«l 

tool 


INIT. hUNNPASH EFF, factor ON 
H'lKtl, TAIL 

.9000E 

00 


95 

EOpTU 


I o 1 T . UMnmwASm tFF. FACTOR ON 
UPPER NfiNI/. |AIL 

.OOOOE 

00 


9tt 

ME 


OISUNCE fro*« fuselage a*is TO 
mi»R *PN 

-.BOOOE 

01 

FT 

9? 

str 


I a 1 1 ROTOR BLOCKAGE FACTOR 

,8S00t 

00 


9B 

sltm 


oisTANCt fr<jm fuselage aais to 
tail rotor aAFT 

. 3300E 

02 

FT 




TABLE 1. - Continued 


*/A 

PROGRAM 

OESC fl lP»10»4 

Sample 

value 

UN 1 7S 

w 

Co<*TM 

CO« TAR MU TUX 
ECU mam to.) 

.AHOOt" 

■0? 


100 

FaT*T 

r »tt> DM 
(CO h*M Co. ) 

,i?oot 

00 


101 

L*T 

UISU/.CI emu** FUSELAGE AXIS 
r » 4'UMl/U VTjlL I A Ft. ♦ AF T 

.?*00f 

0? 

FT 

10? 

LVT 

Ol5T4f.i:t fMuw FUJIEL*r.£ AXIS 
10 VERTICAL TAIL ♦ AF T 

. 5000E 

0? 

FT 

105 

M»r 

BIST A'iCfc FROM E"Stl AGE A»IS 
To VERTICAL IAIl ♦UP 

,?000t 

01 

FT 

loa 

EOT? 

«tn »>aTa DEC* OPTION 
0=t'FF , l=UN 

.OOOOE 

00 


lcs 

t»KPn 

UPPfcM MllMliUNfAL TAR FLAG 
t AON 

. looot 

01 


ICO 

EUE 

Foot VALtwT velocity matio 
»T TAR 

.ROOOt 

00 


to? 

PST*»H 

partial of siut«ASH angle 
aM T Slot SLIP 

OOOOE 

00 


lu* 

LA«TR 

tar notum shaft noil angle 

r>T F UStL AG£ AXIS 

.OouOF 

00 

OEG 

li!° 

OHO 

AIM TF NS l T T 

,?050E-0? 

SLuG/FT 3 

MO 

COMO 

MAIN Mil TOM SLADE COMO 

.1 5fc7E 

01 

FT 

111 

LHT'I 

CISTAUCt TO UPP CM MOKIZ. TAIL 

AFT (If Fost. AXIS 

.oooot 

oo 

FT 

11? 

115 






Mo 

rcr 

FEATrttM FMICMOB 

.OOOOE 

00 

FT-LB 

115 

RLF 

FEATMtM STlCMl'N H»EAK POINT 

.OOOOE 

00 

RAO/3EC 

no 

FC6 

SfASHPLAlfc FRICTION 

.nooOE 

oo 

LR 

117 

RLC 

Sa A^oRL S Tt SUCTION KMtAK 
RulatT 

.oooot 

00 

mAD/SEC 

no 

IZZSP 

S«aSmMLaTC POl AM NO m ENT OF 

.oooot 

00 

SLl'G-FT? 


ll-FMl* 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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TABLE 1. - Continued 


»/A 

PROCW*M 

S»m«UL 

description 

Sample 

value 

UNITS 

It* 

CM I 

CuNTNuL 10 S*P Phase ANGLE 
(♦) S--.P LT AOS CUNTNOL 

-.3335E 

02 

OEG 

I 20 

NOT 

VE“I. TAR xAKt DEFICIENT 
F SCION 

.9000E 

00 


121 

NnT 

MUNIZ. TML *AHE UEFICRNCT 

fact oh 

.9O0OE 

00 


122 

NHTU 

' 'ppfp non 12, tar «akf 

OtFlCltOC* fSCTUH 

.OOOOf 

0(. 


125 

U**CS 

SPH I Nt CONSTANT LONG. STICK 
UN (iE AN HA Til) 

.3590E 

00 

ft-ln/ft 

12<t 

UkTC-S 

SHklNG CONSTANT CAT. STICK 
un i.Fan NaTIO 

.2390E 

00 

FT-LK/FT 

I2S 

HE»AG 

PITCH HUNm LEAO AZIMUTH 
(♦) P.M. F«l» uF Hi. ADE 

. 3335E 

02 

DEG 

12* 

TOM* 

DSNAMIC foPSIUN SPRING 

, UOOOF 

00 


127 

TOt-’C 

UTNAf'IC TijNSIuN DAHPFN 

.OOGPE 

00 


1?« 

r«LUC 

THHtiAwi> meaning lucation 

. 1 5«2E 

01 

FT 

129 

UttF AP 

distance HETaEEN FEATHEN 
MEANINGS 

,5«tn 

00 

FT 

150 
lit 
1 »? 
135 

• •flPfN««( 4) 





13« 

CRFLG 

Ptul SCALt CUNfHUL 
OsSFC/IN , (sCTCLES/IM 

. 1 OoOE 

01 


I3S 

atf'o* 

0£/|>(AlPHA) at tail from king 

. OOOOE 

00 


lifr 

E 

PITCH HI iHn length 

,1000fc 

01 

f r 

1 37 

unr.Zt 

•jap vEnt iC*l SPNINC. PAR 

.nonoE 

00 

IB/FT 

13" 

NCGZ 

Sap VtNIRAL U AMP I NG CUF.FF 

.oooot 

00 

LH/FT/S 

13° 

SP^ASS 

;>.vp "ASS 

, (IO0OE 

00 

SLUG 

1 ill) 

W*GZ? 

S>*P Vt NT 1 C AL LIMITEH 
spmIUi; katf 

.OOOOE 

00 

LH/FT 





TABLE 1. - Continued 


P/A 

program 


I'tSCMIP) ION 

sample 

UNITS 


S»p*«)L 



value 


»•» 

2gi 


S*P Vt w ^lC*L S^KIHC HREAaPOINT 

.OOOOfc 

00 

F T 

1 82 

••OP£m#a 






u$ 

TtiRuLE 


ItJPN LOAD E ACTUM {TRIM) 

, 100PE 

01 

r. 

!•« 

TURNSN 


It »0 EitR PIVN LEFT OH PJ6MT 
* wtr.Mt 

-,l«OOE 

01 


I«S 

TPVtl) 


PAR 7 t At FEATHER ANGLE APT 
to, >*n<>K i 

.OOOOE 

00 


184 

ipvI*) 


PARTIAL F fc A T ME R ANGLE ART 

HtWl, MOl>t 2 

.noooE 

00 


H7 

1 4 » 


PAM'IA'. FtAtMfcM ANGLE. *HT 
MtNi). J 

.oooot 

00 


180 

»»ljPt t •« ( 

2) 





t 80 







150 

NMP 


NO. 1>E POINTS IN PILOT CONTROL 
IAHLES 

.600PE 

01 


151 

PI f 

20) 

PHOT T IMfc UBLE 

.oooot 

00 

SEC 

<5? 




.5UOOE 

00 

SEC 

153 




.smot 

00 

SEC 

158 




. lHOOt 

01 

SEC 

155 




, 1 0 1 OL 

01 

SEC 

tSb 




,*000t 

ol 

stc 

157 




. 0 1) 11 P t 

1)0 

SEC 

15* 




,000(1 1. 

00 

SEC 

15R 




.onoot 

00 

SEC 

loo 




.oooot 

00 

SEC 

lbl 




.oooot 

00 

SEC 

1 ai 




.Of’OOfc 

01> 

SEC 

loj 




. ft coot 

00 

Sft 1 

1*>« 




.oooot 

00 

stc 

IbS 




,'iooct 

OO 

stc 

lOb 




. oooot 

00 

Stc 

1*7 




.oo&ot 

oo 

stc 

lob 




.oooot 

00 

SEC 

IbR 




.oooot 

1)0 

SEC 

1 /o 




# oooot 

00 

stc 

171 

XCTt* t 

201 

PlLOl L<»nG, SIICk DISPLACEMENT 
(.) A c T 

.ooooE 

00 

PERCENT 

17* 




.oooot 

00 

percent 

173 




.1*706 

00 

percent 

178 
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00 

PERCENT 
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TABLE 1. - 

Continued 




B/A 

PROGRAM 


description 


Sample 

UNITS 


$ »*»*)«. 




WALUE 


7S 





.00001 

00 

PERCENT 

i ;•> 





,00"01. 

oo 

PERCENT 

177 





. OOOOh 

00 

PERCENT 

I7« 





.ooooe 

00 

PERCENT 

170 





.O^OOl 

00 

PERCENT 

1*0 





. 1)0 0 01 

oo 

percent 






.oooot 

00 

PERCENT 

1*2 





.oooot 

00 

PERCENT 

1*3 





.1)0 0 01. 

eo 

PFBCFNT 

\iUl 





.1)0001 

00 

PtRCENT 

16S 





.001* ‘‘fc 

on 

PERCENT 

l ** 





.00 0?t 

00 

PERCENT 

167 





. OOOOt 

00 

PERCENT 

16* 





.oooot 

O') 

PERCENT 

(60 





. oooot 

CO 

percent 

190 





.00001 

on 

percent 

101 

7CTd 

< 20) 

p II.UT EaT. STICK 

DISPLACEMENT 

. onooi 

00 

percent 




(♦) *T 





10? 





.OOOOf 

00 

PERCFnT 

toj 





.oooot 

00 

PERCENT 

J90 





.00001. 

00 

PERCENT 

10S 





.oooot 

00 

PERCENT 

JO* 





. 0 o 0 0 E 

00 

percent 

107 





,0 OflOfc 

OO 

PERCENT 

JOB 





.OOoOt 

0 0 

PERCENT 

1 99 





.oooot 

00 

P* "<CFNT 

2oo 





.oooot 

0 0 

percent ! 

?o 1 





.OOuOI 

00 

percent 

2o? 





.oooot 

00 

percent 

207 





.0000 


percent 

2lu 





i oooot 

0 0 

Pt wit NT 






.oooot 

0 0 

“tRCE. NT 

?J0 





.ooont 

r n 

PtRCENT 

207 





.oooot 

00 

PERCE NT 

2o« 





.oooot 

00 

Pf RCENT 

200 





.oooot 

oo 

PERCENT 

?1 0 





.oooot 

00 

RtRCFNt 

?1 1 

Tht*h 

f 20) 

P It (|T CI'LUCTJVE 

INPUT 

.00001 

0 0 

PERCENT 




f*j thrust 





21? 





. 0 0 n n E 

Oo 

PtRCFNT 

213 





.00 () ot 

on 

PtRCENT 

<?!« 





.oooot 

0 0 

PERCENT 

2TN 





.UOoOL 

ft*.) 

P t RT E N T 

2 1 e> 





.oooot 

00 

PERCENT 

217 





.oooot 

on 

PERCENT 

21 » 





.Oooot 

00 

PtRCENT 

?!<• 





, oO nor. 

OJ 

PERCENT 

220 





.oooot 

00 

percent 


32 


TABLE 1. - Continued 

•/I WOk*«K 


ocscwiPtino 

S**PlF 

UNITS 

3 »»■«'*. 




mue 


221 




,000*C 

•• 

PtNCCNl 

W 





*0 

PtNCCNT 

Ml 





•• 

Pt«CEN? 

M« 




.0*0*1 

0* 

pc »«■«•» 






•• 

PEMCFNT 

H* 




,0<l*CI 

*0 

PFMCFnI 

227 





»» 

PCmCENT 





.#0*bC 

9* 

PI PCFNT 

22* 




.0400F 

90 

PtNCrNT 

25* 




. 'OOOF 

9* 

Ptoctnr 

lit K(U 1 

2*1 

PRUT 

•HJOOt* PtO*L INPUT 

.OOOOt 

CO 

PFMCFNT 

?w 




,0**0F 

0* 

PfPCtNl 

251 





00 

PI PCfNT 

25* 




.*0**C 

• « 

PI PCEN? 

25S 




,#00«f 

00 

PFMCFNT 

21b 




.oOoot 

09 

PEPCENi 

21? 




. J0OOE 

00 

PtPCCNf 

21* 




.d#4*t 

00 

PERCENT 

21* 




.•boot 

o« 

PEPCFNl 





.obboI 

00 

ptucim 

2*1 




.oop.it 

00 

PEMCEnT 

2*2 




.OBPOF 

00 

PENCE NT 

2*1 




.oocet 

00 

PtHCf Nl 

2*« 




.aoooc 

00 

PIPffNT 

2*5 




.ooooi. 

00 

PFHCFNt 

2H 




.OOOOt 

00 

PFMCtNT 

2«? 




.nOooF 

03 

PtwCCNf 

2** 




.*9»OF 

00 

PFPCENt 

2«N 




,»ooot 

00 

PEmCFNT 

214 




.oopof 

CO 

PFMCFNT 

25| OPT* t 

291 

PRuT 

PNOPULSIUN SCTTINC 

.ougnt 

00 

PFMCFNT 

212 





00 

PIPCFNT 

251 




.oao-t 

CP 

PFPCrwT 

25* 




,no*ot 

00 

pewcfnI 

255 




.oanof 

00 

PFMCtNT 

25* 




.onoot 

00 

PFMCF.Nl 

257 




.oooot 

00 

PE«CtNT 

25* 




,noof.E 

OP 

PFMCtNT 

25V 




,90001 

00 

PFMCENl 

2bC 




,ooo»t 

00 

PEMCEnT 

2vl 




.oooot 

OP 

pemcf.nt 

2*2 





oc 

Pt«rtNI 

2*1 





00 

PFPCENT 

2b* 




.OOOOE 

00 

P|MC|NT 

?«* 





OP 

pfmcfnt 

2b« 




.OOllOF 

00 

pi mcfnt 

2*7 




.OOBOt 

00 

PFMCFNT 

2b* 




.oooot 

00 

PFMCFNT 
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TABLE 1. - Continued 




MHQCOaM 

smot 

ocsc»iP7iuf« 

SAMPLE 

vatof 

UNITS 

#*« 

27* 



.•toot 00 
.oaoot 00 

PCPCCNT 

PfNCIMT 

271 

ou€ • 

S'P to statue* «e«K «*rjo «r 
/too KUtCIlvt 

.IOO»t 01 



OU€| 

vaoia.Tloo 08 ti/E «ITh COtL. 

.o^pet oo 

i/xao 

271 

.•llPfH** 




274 

tia 

Tali. POTOM UTtail OFFSET 

-,2»lrt 91 

FT 

275 

74LOI1.I 

Fta?«t« nt«wKG »uot i 
IHnUtNP t 01SPL .Fkli 

.I9HIE-01 


27® 

Fntoli.! 

l*.iiuahii i iiiSPL ♦on 

-.JTO 2 t- 0 a 


277 

7»t’*U,2 

il'ITOitaitO T UISPL *F*U 

.SOt>2t-01 


278 

7Hl*t!7,7 

IlliTHti aw l OISPC apo 

-.70O0E-00 


270 

F«jl“2«.I 

FtaT«t“ HEaPloC Mime 2 
IKHiiaou * 

*.4l77f0« 


200 

FHl 022.1 

lamoaoo l 

.IOfelt-0t 


2«1 

Fhl**21 .2 

(■•ITH04H0 y 

-.KiS»t-0* 


202 

F« o22»2 

uolHuaNO 2 

.502 Jt“01 


7M 

Frt'-OJl.l 

FEaT-*FO *iaw!MG MODE 5 

f 

-,109*t-0l 


2M 

f«m.*52,i 

fomuMo Z 

-,loa»t-01 


205 

Fulfil,/ 

ocTonaHd t 

-.200" -01 


2fto 

F*L*52,2 

ih'Th’.i*ko z 

-.7475E-0I 


297 

7c C 1 > 

TalL 80 T 0 H C0«i8»aSH TIME CONST 

nm»*i 

.looof. oi 

SEC 

298 

?Cf2) 

T»IL WOlUH 00*8., AS* TfE CONST 
(HO 

.soooh-oi 

SEC 

2*o 

TC(J> 

tali, worow flap rl w e CO*St 

.rooot oo 

SEC 

?0f 

TC<«) 


.oooot 00 



2'M TccSJ 


oonot oo 




TABLE 1. - Continued 


•#» 

ppw»a“ 

S»***MIL 

ncsCOiPTiou 

sample 

VALUE 

UNITS 


TAli«C 

RRlit LbM(ilTllt>|H*L ACTUAIu* 
n«*t 

.?30*t-0l 

sec 

«« 

Ta«i»c 

pil«t actuatru ti*e 

cwisftm 

,23IH*0I 

SEC 


T*S 

FEATHE* SPKlMfc 

.OOOOE 00 

FT-LP/PO 


••nrc : 4»( ? i 




i«? 

OSTAF 

HL.STa. FUN EFFECTIVE S»ttP 
AH*> PMH|P OUTPUT 

.OOOOE 00 

FT 


TSetC 

PU"T SlAtt FACTUM I abscissa) 
•mi t s Pt* i* C m of plot 

.1000E 01 







}*t 

NVA* 

■TO. OF StbNALS TO OF. PLOTTED 

.OOOOE 0? 


301 

uM>| t 

S-aSmPLaTE tOUMO INITIAL 
CONI'! I IONS tOlSPLI 

.002*1-01 


So? 

W5PI ? 


.3I70E-0I 


303 

W5PI 3 


.OOOOE 00 


300 

ouspi i 

S^ASHPLAfE COOHb INITIAL 
CONDITIONS JVtL) 

.00 not 00 


its 

•I0SP1 ? 


* OOOOE 00 


}#• 

MUSPI 3 


.OOOOE 00 


307 

wnoSPl l 

SwasuPL A T£ COuNO initial 
CU ftDl T IlHS (ACCEL) 

.ooeet oo 


30* 

jnnsPI 2 


.OOOOE 00 


3«« 

uonsPl 3 


.OOOOE CO 


Sir 

usi i 

Shaft OISPL init. CONDI urns 

.OOOOE 00 


311 

USI ? 


.OOOOE 00 


31? 

USI 3 


.nooct oo 


313 

USI < 


.oeoot oo 
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TABLE 1. - Continued 


•l/A 

motwi'* 

Of SCPlPFlO*! 



Sb«l*tE 

VALUE 

UNITS 

ll( 

U5I s 






.MOOt 

00 


SIS 

USt 6 






.OOOOE 

00 


Si* 

MOSI i 

3**Fl 

*EL 

mi. 

CONDITIONS 

.oooot 

00 


Si 7 

OPS I 2 






.OOOOE 

00 


319 

•ibSI 3 






.oooot 

00 


3l* 

WU$I 4 






.oooot 

00 


3/o 

WSt S 






.oouot 

00 


321 

«|P»1 6 






.oooot 

00 


322 

onnsi i 

S««F* 

•CCt.L 

INIT. 

cufcoii ions 

.000»t 

00 


52 3 

unnsi 2 






,000*»t 

oo 


32* 

uimst 3 






.oooot 

00 


S2S 

uaosx « 






.oooot 

00 


32* 

MP03I S 






.i*o"06 

00 


527 

Ul)PSI b 






.OOOOE 

00 


320 

P PtF l 

IMf. 

POLL 

«UTC 

cpef 

SYS) 

.oooot 

00 

PAD'SFC 

52° 

1 J 

i*n. 

PUC* 

M«U 

l»tF 

SYS) 

.oooot 

00 

PAD/StC 

3)0 

* NEF I 

INIT. 

*•« 

P*IE 

CPEF 

STS) 

.OOOOE 

00 

HAO'SEC 

SSI 

xnPowF i 

THIT. 

xno 


C«tF 

SYS) 

-.20706 

01 

Fl/SfC2 

332 

»i/r*oPF I 

l-I 1. 

TOO 


(PEF 

S»S) 

.23006 

01 

FT/SEC2 

133 

ZnnOPF t 

MIT. 

200 *0% 

(»EF 

SYS) 

-.3)016 

02 

FT/SEC2 

))« 

Pu ntr t 

lull. 

PMlOP 


(PtF 

SYS) 

.oooot 

PO 

HAP/SFC2 

33S 

•«: wtr i 

1MI. 

tnlgu 


(»EF 

SYS) 

.OOOOE 

00 

PAO/S6C2 

3)6 

**)* *tF I 

nit. 

PSIfO 


(Ptf 

SYS) 

.00006 

00 

NAD/S6C2 

337 

))* 

33« 

)4« 

• •nPf...( 2<M 













TABLE 1. - Continued 


•»/* MWfciit* INSCRIPTION SA**Ptt UNITS 

SfifH. **tUC 

Ml 

}«? 

1«I 

J«4 

M< 

M* 

MT 

)«« 

»t 

1ST 

is? 

354 

35« 

5SS 

354 

35 » 

iS« 

55 * 

3«« 


5*1 

l«» 

3mt> »ou 1N£QTIA 

.0®»®t 

•• 

SLUC-FT? 

So? 

Sot 

S*»® 

io5 






3m 

h«aS3 


,!®®®t 

t? 


So7 

II 

»MTI*l » «VT "UCH. 1 
AT LAC nA**»t« LUC. 

.«*O0f01 


3«* 

*•»»?) 

partial t «®T mn>t ? 
at l»u haw^lh LUC. 

•OOflOt 

•0 


3*« 

T»»T3J 

partial T *UOE 5 

Af LAG HA*M*E«I LUC. 

.oooot 

90 


57® 

CLAGI 

InplanE Lag OA^RtR CONST., 
LUA VtLUL I If 

. oooot 

0® 


S7| 

CUAC? 

I i»®L ANt LAG OANRCN CONST., 
*1lU* VtLUC ITT 

,?S7?E 

OS 


37? 

ifhan 

*CG I*» FuSEL»GE CUCSO ♦F"0 

.fcOOOE 

0® 

FT 

173 

rF*iR 

fCG IN FUSLL*Gt COM) «hT 

.oooot 

00 

FT 

37® 

?F®a* 

ICG In rust lace CUUHD ♦on 

.oooot 

00 

FT 
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TABLE X. - Continued 


#/• 

PP|*&*AP 

l»€SCP|FI 106 

SAPPtE 

VALUE 

37S 





37» 

xPMCON 

SaaShPLATe SPRING (HOLLI 
1-4 CUVTHUL AXIS 

, tOOOE 

61 

1?7 

* F*»c n M 

s«-A$»«PLA>e s®H!*e (pitch) 

l> CM'*»HOL A* IS 

, 1 OoOE 

ot 

JJ* 

CPhOSP 

S'.ASM>lAlt l>A*P fcH (HOLL) 

I'l CO‘*tKl»L *»I6 

.O6O0E 

00 

37* 

C'HOJF 

SaASMPCA’C DA-APt* (PITCH) 

In COmThi»l axis 

.HOE 

66 

36 *J 

•ATIP 

Tl® LOSS FACTiiH 

,*706t 

60 

3*1 

PtHfL 

P*HT. OF .UImHv.ASm EFF, HOtrlZ 

fail aot flap angle 

,OOOOt 

06 

3*2 

P{MI* 

PaHT. OF DUpNaASH FFF. HUH 1 2 
TAIL »PT *p4C PiCIW. 

,»FS#E 

06 

3*3 

P£*A 

PART. or MOa.jnASH EFF. HUp12 
tail «pt alpha 

,96«*0t 

66 

36* 

P£mTFL 

P*pT. UF‘ IiUaNaASH EFF. UPPEH 
ntiHlZ (ail api Flap ang. 

,«0«6E 

60 

3»S 

PtHTI« 

PAPf. OF OOaHaASh EFF. UPPFH 
H0PI7 r*IL r.Hf AlHS INC. 

.oonoe 

00 

366 

psvth 

PAPT. VFPT. Fail SULTOJTt 
aPF ME Fa 

;0000t 

06 

397 

takwuu 

PUDOEP Vt‘L. EFF . FA C (UH 

.oooot 

00 

399 

tauel 

FLEkATOP »EL. EFF, FACTOR 

.uoooF 

00 

56* 


MORU. Tail *ct. eff. factor 

.oooot 

00 

3*0 

PCDFL 

OH AG COEFF Hist vs, FCAR 
Exit Mil on 

.6000E 

00 

3*1 

•’UFt 

LIFT COfFF vs. flap extension 

.oooot 

00 

3*7 

PCPFt 

PKCMiNb mop, cmf.ff *s. Flap 

, OflOOt 

00 

3*3 

p CO*« 

r>HAt; [OF F F c Mft *GF. art ANGLE 

OF A F ? At A VlF *ING 

.OOOOE 

00 


<J«IT3 

FT-D/PO 

rr-Ln/#o 

F«L«/»/S 

F*LH/»/3 





TABLE 1 


Continued 


»/* 



KSCM**I JON 

sample 


SfNMH. 



value 

}«< 

Ktl* 


L IF 1 COfFF CHANG* NOT ANGLE 
(IF *T T AC* UF *IHU 


It 

jvs 



•ITCHlNf, hum. LUEFF VS. ANGLE 
ttf AlIAl* UF MING 

.OOOOE 

•• 

IH 

*V*L 


A ILF “*’N CUNTHUL MW. VOL. VS. 
AlLt*UN UCFLtCTlON 

.OOOOE 

II 

3«T 

PSn« 


D**G CHFF 4ISL VS. DIVE 
mk*«c (i!(VSU | ii 

.OOOOE 

•• 

JW 

MW 


L‘»C. «'F 01 vt uMAKt CENtEN OF 
PNFSS'-Wt AMiVL FUSE. A AES 

.OOOOE 

00 

JW 

• «OPC«M( 

2) 




««« 






Ml 

SmaFTK ( 

So) 

S*AF1 SUFFNESS KAfWlK 

(6. A) *•*•*«» 

.0040E 

00 

•0? 




.OOOOE 

00 

•M 




.9000F 

00 

M« 




.»* OOt 

00 

»uS 




.woo«t 

00 





. OOOOE 

00 

• 07 




.••OAOE 

00 

«(*• 




.OOOOt 

00 

•n« 




. OOOufc 

00 

*10 




.0000b 

00 

*11 




.UOAOt 

00 

•12 




.ootot 

00 

«l \ 




.OOOOt 

00 

«l a 




.ooaae 

00 

• IS 




.oonot 

00 

• I'l 




.OOOOE 

oo 

• 17 




.OOuOt 

00 

*1* 




. OOOOF 

00 

• I* 




.oooot 

00 

•20 




.OOOOE 

00 

• 21 




.oooot 

00 

•22 




.OOOOE 

00 

*21 




.OOOOE 

00 

•2* 




.oooot 

00 

•2S 




.OOOOE 

00 

•2* 




.OOOOE 

00 

•27 




.liooot 

00 

*2* 




.oooot 

00 

•<* 




.OOOOE 

00 

• TO 




.oooot 

00 

• il 




.OOOOE 

00 
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UNITS 




TABLE 1. - Continued 


«/a pwogwap 

UESCMIPII04 



Sample 

UMTS 

S* v *tOL 




waluc 


JH 




,»OOPt oo 






,(HH •• 






.00001 09 


*iS 




.0000) 00 


43* 




.oooofc 00 


43? «ATL»C 

•A*. LONG, stick 

ACTUATU* 

MATE 

. loom oo 

FT/SEC 


Ll“lT 





•3* HA»C*C 

LAT. STICK 

actiutow 

BATE 

.leoot 04 

FT/SEC 


LIPIT 





«J« YnPI 

L*r. |>A**PE» HWfcAK 

POINT 


. OOQOE 00 

WAO/SEC 

*«« •*OPE*«*« 






«*• f»« ( 

HUOV Al»L»'AO C'»tFF MATMIlC 


.OOOOE 00 



(0,7) AWN 4 7 





**? 




.OOOOE 00 






.OOOOE 90 






. OOOOt 00 


44S 




.OOOOE 00 


*«• 




.oonot 40 


447 




.OOOOE 00 


440 




.OOOOE 00 


440 




.OOOOE 00 


450 




.nou*»E 00 


«5l 




.nnnot no 






.oonot oo 


*53 




.ooont oo 


*54 




-.?«oot oo 


*55 




i OOOOE 00 


*5* 




.OOOOE 00 


«57 




.onoot 00 


*5* 




.OOOOE 00 


ai« 




.oooof oo 


«oo 




.Oi»ont 00 


461 




.oooot 00 


«♦»/ 




.noooE 00 


«n3 




.OOOOE 00 


404 




.onoot oo 


«oS 




.ooont oo 


460 




.oonoE oo 


467 




• . SnocE-01 


4f H 




.oooot oo 


460 




-.moot oi 


4 7f> 




.OOOOE 00 


47- 




.oooot oo 


47? 




•,S90OE*OI 


473 




.OOOOE 00 





TABLE 1. - Continued 


•»/* 

pmogna* 


i*$on*ri0!4 

SAMfttl 

UNITS 


JUNHH. 



VALUf 


mrm 




.ftftftOfc 

Oft 


«rs 




.ftftOftt 

eft 


• 7* 




.I07"F 

01 


• 77 




.UftftVt 

Oft 


• 7* 




.ftftout 

00 


• 7* 




.OftrtOt 

Oft 


10ft 




.flOCftt 

00 


• !»l 




.OOftOF 

oo 






.OftftOF 

00 


««*5 


• 1 





• HI 







4ftS 







««•> 







aft 7 







4*4 







««9 







• 9 ft 







«9| 

o/f«h<i) 


A*D|SPLACF»INT, FUSFLAGt 10 
INA.-jS. MOUNT h*St 

,Qft<M*t 

00 

FT 

•9* 

DiF***C?) 


T-i>lS*'L»tK"kNT, FUSELAGE TO 
Tna*.S. MlisiSf t*«SF 

, OOOOt 

00 

FT 

49| 

l>/F*M »> 


t»i»lSPLACt. M F NT » FUSELAGE TO 
ImanS. «- 0 UHT b*st 

-.S500E 

01 

FT 

«9t 

• •npf 






•95 

l’790H(|) 


*-OISME*CtNf f<T, TnanS. 

l>) MON 

.OOOOt 

00 

FT 

lift 

<>*»•„*.(?) 


*-l>!SPl AtE M T«l . f«ANS. MOUNT 

ru »«irt 

.oooot 

00 

FT 

•97 



• T«a# 4S. MOUNl 

TO HIM* 

-.2S00E 

01 

FT 

an * 

N«AD 


NU. OF MLAflF STATIONS 

.noot 

0? 


ann 

••U°F N«» ( 






Soft 







Sol 

S« ( 

*0) 

NLAOC STATIONS 

.l«S0t 

01 

FT 

5o? 




.?750t 

01 

FT 

s.,i 




.SSoOt 

VI 

FT 

So' 




.75oilt 

01 

FT 

SoS 




.wSoftt 

01 

FT 

Soo 




,120'tt 

02 

FT 
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TABLE 1. - Continued 


>/| Pni)G»4N 


IXSCHIPllOH 


San«H.E 

UNITS 

S'tPHOL 




VALUE 


SOT 




.1STSE 

02 

FI 

509 




.I5TSE 

02 

FT 

SoO 




. IFTSt 

02 

FT 

Sie 




.21 SOE 

02 

FT 

SI1 




.2408E 

02 

FT 

SI? 




.2S7St 

92 

FT 

Sis 




.29>t'i6 

02 

FT 

51* 




.00006 

Oft 

FI 

Sis 




.OOQOE 

00 

FI 

Sl» 




,aoo«t 

00 

6 T 

SIT 




.OOOOt 

00 

FT 

519 




.001.06 

00 

FI 

Si* 




.nPOOt 

oo 

FT 

S2o 




.ooeot 

90 

FT 

521 $t 

( 20) 

ElEhCM C.g, I.OC 

KM., to 

.cooot 

00 

FT 



auAHTE* Cuwo 





S22 




.OOOOt 

00 

FT 

s?? 




.oooot 

00 

Ft 

520 




.00006 

00 

FT 

s?s 




.00006 

00 

FT 

Sib 




.n.mf.t 

00 

FI 

S27 




.OOOOt 

00 

FT 

Silt 




.i*oo«*k 

00 

FT 

529 




.OOOOt 

00 

FT 

sso 




.00006 

00 

FT 

SJl 




.00006 

00 

FT 

si? 




. OOOOt 

00 

FT 

sss 




.OOOOt 

00 

FT 

SJl 




.00006 

00 

FT 

5iS 




.OOOOt 

00 

FT 

Sib 




;0009t 

00 

FT 

5 ST 




, JllllOt 

00 

FT 

S5» 




.OOOOt 

00 

FT 

5J9 




. 000*16 

00 

FT 

S»0 




.OOOOt 

00 

FT 

S«M 9* 

t 20) 

4(.*u£ iM$rH|HutEo mss 

AT EACH 

. 1 7046 

01 

SLUG /FT 



9 TaT£*M 





s«? 




.2928t 

00 

SLUG/FT 

5«i 




.toOOt 

00 

SLUG/FT 

549 




. 1 b?2E 

00 

SUIG/FT 

54S 




. ll>«at 

00 

SLUG/FT 

54b 




,15906. 

00 

SLUG/FT 

5»7 




. Iblt4t 

00 

SLUG /FT 

544 




.17*tat 

00 

SLHG/FT 

5««* 




. ISoot 

00 

slug/ft 

55' 




.15706 

no 

SLUG/FT 

55 1 




.tosot 

00 

SLUG/FT 

55? 




. ISS7t 

00 

SUIG/FT 



TABLE 1. - Continued 


l/l 

PPDGR6" 


OESCMIPTIUM 

36MPIC 

•/HITS 


S*»*i»OL 



VALUE 






.2*70£ 00 

SLUG /FT 

w« 




.OOOOfc 00 

SLUG /FT 

555 




.OOrtOK 00 

SLUG/FT 

55* 




.00<*0l 00 

SLUG/FT 

551 




.00P0L 00 

SLlir./Fl 

55* 




.4000E 00 

SLUG/FT 

55* 




.VOOOt 00 

SLUG /FT 

5** 




.OOOOt 40 

SLUG /FT 

5*1 

Hi f 

?0) 

•*L6l»F OlStHintJlEO H0*lM OP 

,ll**t 00 

SLUG-FT 




I GEM I A **<>01 CC 



5*? 




.II2JE-01 

SLUG-FT 

5*5 




,*777£-02 

SLUG-FT 

S»« 




, 1b*5£-01 

SLUG-F I 

5*5 




.IM2F-0I 

SLUG-FT 

5** 




. Ib#*t-01 

SLUG-F 1 

5*7 




.«7noi:-01 

SLUG-FT 

5** 




.17*21.-01 

SLUG-FT 

5** 




. iSiet-oi 

SU'G-fT 

57« 




,15#ll-0l 

5LUG-FT 

571 




.i6i«e-oi 

SLUG-FT 

57? 




.1S27E-0) 

SLUG-FT 

571 




,27M*t-01 

slug-ft 

57# 




, O046£ 00 

SLUG-F T 

5>S 




.00«*<>f 00 

SLUG— Fl 

51* 




.04001 00 

slug-ft 

577 




.OOOOt 00 

slug-ft 

l 57# 




.0«06f 00 

SLUG-FT 

57* 




.1)0401 uo 

slug-ft 

500 




.OOOOE 00 

SLUG-FT 

561 

••OPE*»«( 

10) 




56? 






561 






569 






565 






5«o 






567 






566 






5b* 






S*0 






5*1 

PUf»4G 


T0R60E V 3 C£5. SPtEO PATIO 

.OOOOE oo 

F-Lft/P/S 

5*2 

POEO* 


TOWtJ'lt VS HUTU* SP£EO *67 10 

.OOOOt 00 

f-lh/»/s 

5*t 

K|P6* 


*CCU. Fttl'HAC* G6t •' 

,00001 00 


5*1. 

K2PBM 


SPEED FEEU66C6 G‘i.- 

.OOOOt 00 
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TABLE 1. - Continued 


*/1 

PROGRAM 

S»*»HOL 

description 

SAMPLE 

VALUE 

UNITS 

5*5 

TAUC 

COMPRESSOR TIME CONSTANT 

.OOOOE 00 

SEC 


506 •*<>PCN**( *5) 
59? 

$«« 

60O 

•01 

•02 

• A) 

6tf« 

• 05 

•Oft 

•07 

•01 

•0« 

• 10 

• II 

• 12 

• 15 
111 

• 15 

• tft 

• 17 
610 
615 
•20 
621 
•22 

• 2S 

•2« 

62S 

•26 

•27 

• 20 
625 

• 50 

• 51 

• 52 

• 5 J 

• 50 

• 55 

• 5o 

• 57 

• 50 

• 50 

• 50 


•<tl PSITH ( 20) PILOT ENGIMf SPtEO VARIATION 
• «2 


OOOOE 00 MAO/JPC 
OOOOE 00 WAO/Jf C 




TABLE 1. - Continued 


R/l 

proGRa* 


DESCRIPTION 

SAMPLE 

UNITS 


$*•601. 



VALUE 


6*1 




.00006 

00 

RAO/SfC 

6*« 




.OOOOE 

00 

RAO/SEC 

6*5 




.000*0 

00 

RAD/sre 

6*«» 




. UOOOL 

oo 

HAD/SEC 

6*7 




.OOOOE 

00 

HAD/SCC 

6*6 




.OOOOE 

00 

rad/sfc 

6**7 




.oonnt 

UO 

RAO/SFC 

650 




.OOOOE 

00 

MAO/SEC 

651 




.OOOOE 

00 

RAO/SCC 

*5? 




. OOnOE 

00 

PAD/SEC 

"Si 




.OOOOE 

00 

RAO/SEC 

6 5* 




.ooooE 

CO 

RAO/SFC 

655 




.OOOOE 

00 

RAO/SFC 

tS» 




. OOO0E 

00 

RAO/SFC 

657 




.OOOOE 

00 

RAO/SFC 

65* 




.OOOOE 

00 

RAO/SEC 

65*» 




.OOOOE 

00 

RAD/SFC 

6o0 




.OoooE 

00 

RAO/SEC 

661 


10) 





*6? 







66 J 







66* 







665 







*66 







667 







6o* 







66*» 







670 







671 

ruwco c 

10) 

*«!• COuTwOl FUNCTION DESIRED 

.OOOOE 

00 





VALUE TaHLE 




672 




.OOOOE 

00 


675 




.OOOOE 

00 


67* 




.OOOOE 

00 


675 




.OOOOE 

00 


676 




.OOOOE 

00 


677 




.OOOOE 

00 


67* 




.OOOOE 

00 


67* 




.OOllOE 

00 


660 




.OOOOE 

00 


661 

OBPIH ( 

ao> 

PILOT DIVE 6HA6E SETTINGS 

. OOOOE 

00 


66? 




.ooooE 

CO 


66 3 




.oooOE 

00 


6»u 




. OUOGE 

00 


6S* 




.OOOOE 

00 


66e 




. OOOOE 

00 


667 




.OOOOE 

00 


66* 




.00006 

00 
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TABLE 1. - Continued 


P/A program 


DESCRIPTION 


SAMPLE ini ts 

SfK-iCII. 






value 


689 






.oooot 

00 

69o 






.001*01 

00 

69 1 






,00001. 

60 

69? 






,00001 

00 

69J 






.QO00E 

00 

694 






.00 0«1 

Op 

69« 






, 00 !.H)t 

00 

696 






.1)0001 

00 

697 . 






.00001 

■*p 

698 






.oonnt 

06 

699 






.oonot 

00 

700 






. to wot 

OO 

7oi ELPTlJ 

( 20) 

PItOt 

ELAP 

extension 

sei tings 

.oooot 

00 

10? 






.oooot 

00 

1n% 






. OOoPfc 

00 

7om 






.ooooE 

1)0 

70S 






.oooot 

00 

7y 6 






. O»0i>t 

00 

707 






.oooot 

«0 

706 






.oooot 

00 

7j9 






.oooot 

00 

710 






.00601. 

oo 

7n 






.oooot 

00 

71? 






.oooot 

00 

7l J 






.no OPE 

00 

7I« 






.oooot 

00 

7 1 S 






,000'tt 

00 

7 l 6 






.nityilt 

00 

717 






.OOOOt 

0» 

718 






. oooot 

00 

719 






.oooot 

00 







.oooot 

00 

let <*iptb 

< 2o> 

pilot 

rtlNO 

incidence 

SETTINGS 

. oooot 

00 

7?? 






.oooot 

00 

7?J 






.60001 

00 

724 






.oooot 

00 

7?S 






.oooot 

00 

7?6 






.00001 

0 0 

727 






. oooot 

00 

726 






. oouOt 

oo 

72» 






. oooot 

on 

7 JO 






.oooot 

00 

7 J 1 






. o o not 

00 

7 J? 






,01)001 

l") 

7JJ 






.06001 

00 

7 J< 






.00061. 

00 

7JS 






,0 0001 

00 

7J6 






.oooot 

00 

i 





TABLE 1. - Continued 



•/* WNMP0A* nfSceiMlo* 


»»••« wnit» 
VALUE 


7*0 

U « 

TM 


, M«t M 
M 

,00«0t 0* 
.*"*•£ #* 


To t MT»r« < j|) »IL«T Wl*!/. tail tftCIOfc*CE M 

%mncs 


7*7 

MJ 

IM 

T«5 

In 

7*7 

7 M 

> 4 * 

75 * 

751 

TV 

7S7 

75« 

755 

75 * 

757 

75* 

75* 

7*0 

751 *" S «1 T ( hi * 015 * 1 . *«* 0 C 
7«? 

7*1 

?M 

7*4 


.Mttt 0 * 
. 00 * Jt 0 * 
.4*0 It *• 
.OOOOt *• 
.OOOOt V* 
.OOOOt *0 
.OOOOt «* 
. OOOOt «• 
.oeoet 00 

, 1 »Mt 00 
. OOOOt 00 
.aooet *0 
.OOOOt 0 * 
,"» O 00 t *0 
, 9 »* 0 t *0 
.00001 00 
.OOOOt 00 
.OOOOt 00 
.OOOOt 00 

I .OOOOt 90 

. BOOOi .01 

. l»attt 00 

.**nst *9 

.% l ? 0 t 00 



5*7 



TABLE 1. - Continued 


«/« p*oc»a« 


DCSt*!**!"* 


SA-^C 

VALUE 


U*IT» 


7*3 











-03 

ins 





-.ZSIOt-Oi 

7a* 





-.ZUbt-03 

1*t 





-.l7V*f-03 

10* 





-.l?7«fc-03 

7*9 





-.Al«*3t-0A 

790 





.oS9Pl-0« 

7*»l 





.! Ulf-oj 

1*2 





.|9m»E-0i 

T«\ 





.,»Ai<tt-0} 

m 





.OHOOt 00 

■»os 





.tfOb'it 00 

79* 





.oooflt 00 

797 





t gilO«E AO 

79A 





.OOOfrt 00 

7“o 





. OIIOAt 00 

AfrO 





.one At oo 

fly | »*IS*t 

VPI 

20 1 

»r/oS 

"Out 1 

.nooot 00 

»0? 





.ibS9t-OI 

(01 





.1*711-01 

*«o 





. loAIC-ol 

AOS 





.lb90E-0l 

<0» 





, j/aif-oi 

«»7 





.|70At-Ol 

80A 





. 17ISE-01 

eo« 





.37Z5E-OI 

A|0 





,57Z«t-31 

• II 





. I75IE-OI 

• 1? 





. 17 11 t-OI 

• l » 





i J71?h-0I 

fl|B 





.nooot oo 

• IS 





.onoot oo 

A|* 





.nooot of> 

• 17 





.ofloot oo 

• Ifl 





.oooot no 

• |9 





.nooot oo 

0^0 





.nooot oo 

*21 

Z®( 

lo> 

OZ/uS 

PODS 1 

.■tmiot oo 

*22 





-.70SJE-0O 

AZJ 





•. 1 9 int-On 

62* 





.ZZZiU-o* 

A«?S 





. i n«Mt-on 

•?* 





.1 7S7K-D* 

021 





.Zll.o. -oo 

*21 





,?nS7t-0« 

92* 





.?•>?) t-oo 

A Hi 





.nsot-o« 





TABLE 1. - Continued 


«/• WUC*I« 


HtStU«lOH 


smi 

*»UIC 


•H 

•M 

•IS 

91* 

917 

919 

*!• 

*«» 

Ml 9*392 T ( 20 » v 013*1. «ooc 

942 

MJ 

90* 

90S 

1»* 

9*7 

9*9 

9*9 

9S# 

9 SI 
«? 
ess 

9S* 

"SS 

0S* 

9S7 

9S*» 

*S*» 

9»| 9*3*2 Z ( 20> Z OISPL. H)0E 
06? 

•*1 

9*4 

06S 

9** 

9*7 

Ab<* 

9oO 

979 

"7| 

er? 

971 

07* 

e/s 

*76 

*77 

079 


. 1 * 26 * -00 
,17?lk-00 
.|7S5k-00 
,0000k 00 

.ooaot oo 
,o#o*k oo 
.09007. 09 
.9000k 00 
.OOOOk 00 
,9090k 00 

* ,0OC9k 00 

-.USSk-Ol 
-,29S*7-ol 
-.11091-01 
-, II 7«it-0l 
-. 20907-05 
— ,2S*07 —05 
-,?0?lt-O5 

-. 00 J°k-oo 
, 2 ?s»i-oo 

. ISI?t-o5 
.2*9*7-01 
.57797-01 

,0090k 00 
,0009k 00 
.00906 00 
. 0000k 00 
,9000k 00 
,0009k 00 
,0900k 00 

2 .00001 00 

.61177-91 
,|65»t 00 
.216*7. 00 
,1102k 00 
,0»*2St 00 
,4671k 00 
.S*|ot 00 
,oSl*fc 00 
,7S6?t 00 
,6*0Vf 0(1 
,«IS6t 09 
,1009k 01 
,0O«lOt 00 
.00007. 00 
.••nook oo 
,0000k 00 
.00007 00 


UMIT3 
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TABLE 1. - Continued 

R/t 


oesc«iP?ioh 

SawolC units 

S»*»0L 



0M.UC 

•to 



.••••£ •• 

••• 



.••••£ II 

Ml MJ»? 

M) 

DV/OS **OUf ? 

.«•••£ •• 

•n? 




Ml 



-,2T«»4t-04 

on* 




•1*15 



.573«t-0S 

««* 



.»nfeS7-«*4 

00? 



.22911-04 




. ?9T07.n4 

*4* 



. 34«*t»fc— 04 

•on 



.••217-04 

•oi 



.S409E-04 

*92 



.S6 327 -04 

•91 



.S?|9t-04 

• 94 



.oonot oo 

«9S 



.oooot 00 

*4» 



,4>4(it 00 

• 47 



.000l»l 00 

• 94 



.oooet oo 

««4 



.OOOeE 90 

9«0 



.oonot oo 

99! «**S»2 2*C 

?•> 

02/03 **O0£ 2 

.oooot oo 

90? 



,3n22t-Ol 

90 4 



.3nS3t-01 

904 



,3**?0t-0l 

90S 



. 3**4St-0 1 

90* 



.STAOt-ttl 

94 » 



.37I0E-0I 

9J4 



i S7?0t-01 

9«|4 



. 3733t-Ol 

9|n 



.37437-01 

9- | 



,S7Sufc-ol 

*1? 



. 3 7S?t-ol 

914 



,3TSJt-ni 

91 a 



.09007 00 

9|S 



.OOOOt 00 

«|4 



.oooot 00 

9 1 7 



,00007 90 

9|7 



.oooot 00 

9 ! V 



.90007 0» 

4*.* 



.onooE oo 

9?! H*SMJ y J 

201 

» msou. *ooe j 

.00007. 09 

*22 



-. 3?34t-01 

*2? 



-.7"9fcl,-0l 

*24 



-.10«27 00 

4?S 



-. l?n?t 00 


50 




TABLE 1. - Continued 




I»c SC I0»» 

SaNPLt 

st'Hun. 




VALUE 

v*. 




-.Il«*k 00 





-.IJTOt «• 

w 




-.lilOt 00 





«.l*7«k-OI 





-,7»#n.»7 

•41 




.rmet.et 





. MOTt 00 

•H 




,it?«1l 00 

•4* 




,<'t>u»U 40 

• is 




.oorut 

•4* 




.oauvk oo 

«4» 




.OduOI. Od 

•»• 




,48401 00 





.Od€0t 00 

•■40 




a Oft A OF. 00 

«4| n«S**J Z ( 

«?8) 

7 OISPL. 

«or>t j 

,'IOOOF Oo 





00 

•«4 




..ilWt 00 

•«d 




-.•loM oo 

•dS 




-.S7S7E 08 

•at. 




-.N*70t Oil 

• 17 




00 

•a* 




-,S?T?t OO 





-.43St»E 00 

•SO 




-.571*1-01 

•il 




.37 Jot 00 

9V 




.M 1 3t 00 

•SI 




.lOOOfc 01 

•So 




.•lOOOt 08 

•ss 




.oodfcf 00 

•So 




.OOOrtt 00 

•ST 




,00'lOk 00 

•So 




, ooont oo 

•s« 




.OOilOfc 00 

•«*0 




.oooofc 00 

•o| *»«S*3 »»»( 

*0» 

UT/DS 

NODE 3 

.ooont oo 

•»* 




-.100^8-01 

•t»J 




-. ISf>«t»i>! 

•■>» 





•oS 




-.7TSIE-U7 

•».<» 





•f T 




.«So*F-u«> 

9fcf 




.1 » ivt-ni 

•n9 




.71PH-01 

•70 




,?ViVK-01 

•71 




# 3«SSt-01 

•7« 




. it.io8.01 

•71 




. 3707t-0 1 
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TABLE 1 


Continued 


R/a RRocRa* 1 

OtSCRIFMU** 

Sa-FLE 

Stm«ol 


VALUE 

97* 


.OOOOC 00 

R7S 


.0090E 00 

97«» 


.OOOOt 00 

977 


.oOQOt 00 

97* 


.OOfOt 00 

«7« 


.OOoOE 00 

9*^ 


.nooot 00 

9*i **3*5 JFC 2ol 

02/03 "Out i 

.QOOOt no 

9e2 


-.7JJPI-0I 

9* 1 



o*« 


-.St97E-0l 

9ns 



9»t. 


».9oat»t»o2 

90 7 


.I2ME-OI 

9** 


„al?*F- 0 t 

9«9 


.**/ 1 5E-01 

990 


. 1 2n*E 00 

99 ( 


. lS7it 00 

99/ 


.!9H«f 00 

99| 


. |72*»E 00 

99« 


.QOOOt 00 

09S 


.onoot 00 

99„ 


.«0(*0k 00 

997 


.oooot' 00 

99* 


00 

999 


.r>00Ot 00 

loon 


.0<)P«t 00 

1091 UC <2oo) 

OUTPUT SIGNAL UNIT CONVERSION 

.noook 00 


TA*»Lt 


100/ 


iOOoOt 00 

tool 


.notiOt 00 

lQg* 


,<M»00t 00 

IOCS 


,S7Sii| 02 

logo 


,S1U‘t 92 

100/ 


.00901 90 

100* 


,i?nnt 02 

J0C« 


.I200E 02 

loin 


.N7i«F. 02 

ton 


,S7igt «2 

101/ 


.nooot ng 

ion 


,S7 5<>t 02 

10t« 


.S730t 02 

1 0 1 9 


.S7iOl 02 

min 


,N7infc 02 

1017 


, S7 («'k o2 

IQS* 


,S7 Jut 02 

101V 


,S7 Ji*h 02 

1020 


.OooOt 00 


UMITS 







TABLE 1. - Continued 


■/* pwnce*** »t St *'!•'! iu« 

Smoot 


9»****LE UNITS 
VOLUt 


1«»?1 

# o»oet 

00 

10 ?? 

.00001 

00 

to?) 

.oooot 

Ob 

Itt?« 

.00001 

00 

I0?5 

.oouot 

00 

»«?* 

. >00"t 

00 

I»?7 

, UOO«t 

oo 

1P?«* 

.eooet 

00 

10<b 

.00001 

00 

1051 

.1*0001 

00 

1051 

.S7)ot 

0? 

10)? 

. Ortr ‘It 

00 

10)) 

.oooot 

00 

10 J" 

.00001. 

00 

ie)s 

.OOOPt 

00 

l«i» 

.OOP01 

00 

10)7 

.00001 

00 

10)1* 

.1*0001 

00 

»«)•» 

.Urt.Mit 

00 

to«o 

.00001. 

00 

104| 

.oooot 

00 

10"? 

.oooot 

00 

10") 

.nooirl 

00 

1040 

.oooot 

00 

104S 

.oooot 

00 

!*<•« 

.OOOOt 

00 

1047 

.00001 

00 

toon 

,S7)01 

0? 

10«O 

.S7I0F 

0? 

lose 

,S7)01 

0? 

I0S1 

,57)0F. 

0? 

10S? 

.S7)01 

0? 

I0S5 

.00001 

00 

ies» 

.0O00F 

00 

loss 

.oooot 

00 

lOSb 

.oooot 

00 

I0S7 

,S7)0t 

0? 

10SO 

.S7)0t 

0? 

1 uS" 

,S7)Ot 

0? 

looe 

.l?001 

0? 

tool 

,l?00fc 

0? 

ICO? 

,1?00t 

0 ? 

loo) 

.S7)»t 

0? 

in„o 

.S/iOl 

u? 

tOoS 

,S7|ot 

0? 

1 ('no 

.oooot 

oo 

I0o7 

.Oooot 

00 

lObf 

.oooot 

00 

lOos 

,S7 lot 

0? 

1070 

.S7)0t 

0? 
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TABLE 1. - Continued 


R/A Rm(*CR«w 

SVMtfOl 


(iCSPMRTto* 


5A»M» L t units 
WAU»t 


1121 

,0000k 

00 

1122 

,0000k 

00 

1121 

.ooooe 

00 

I12« 

.oaook 

00 

112% 

,60««f. 

00 

112* 

,0©6«*t 

00 

1127 

.ooook 

00 

112* 

.Oftftftt 

00 

112** 

,Oft(IOk 

00 

Ilia 

.OOuftt 

00 

till 

. 0006k 

06 

1112 

,0000k 

00 

till 

.aoook 

oo 

Ilia 

,0000k 

00 

HIS 

,0000k 

00 

111* 

,0000k 

00 

till 

, OOAOt 

00 

111* 

,0000k 

00 

111% 

,oooofc 

oO 

in© 

.onnut 

00 

1 Ml 

,9000k 

00 

I M2 

,0001'k 

00 

1 Ml 

.oooei 

00 

IM« 

,0000k 

00 

IMS 

,0000k 

00 

1 Mfc 

,0000k 

00 

1 Ml 

.noook 

00 

m<i 

.uooOk 

00 

I Ml 

.OOOOt 

00 

ns© 

,0000k 

00 

list 

.ooook 

00 

1 IS2 

4 OOOOt 

o.» 

ms 

,<>900k 

00 

1 IS* 

,0000k 

00 

1155 

,0000k 

00 

ns* 

.ooook 

00 

1152 

.OOOOt 

00 

1 15© 

.OOOOt 

00 

nsa 

.ooook 

00 

mo 

,0000k 

on 

i nt 

.OOOOt 

00 

11*2 

,0090k 

00 

IMS 

.ooook 

00 

1 104 

.mioftk 

00 

IMS 

.00001 

00 

i n* 

.oooOt 

no 

IM7 

.OOOOt 

00 

116© 

.OOOOt 

00 

in© 

.onoot 

00 

117ft 

.OOOOt 

oft 
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TABLE 1. - Continued 

•/A PROGRAM 


DESCRIPTION 

S APPLE UNITS 

S»“«OC 



VALUE 

1171 



.OOOOE 

II 

117? 



.OOAOE 

00 

11/5 



. 00407 

•• 

117ft 



.OOOOE 

OS 

II 75 



. UOOCE 

00 

117b 



.ObOOE 

•0 

1177 



.OOOOE 

OS 

11 7ft 



.OOOOE 

00 

117* 



.<>4u0E 

•to 

1140 



.oooot 

00 

114! 



.•tnooE 

00 

Hit? 



.OOOOE 

oo 

1105 



.oooot 

04 

119ft 



.OOOOE 

oo 

1 tbS 



.oonr.t 

00 

114b 



.OOOOE 

00 

1147 



.OOOOE 

00 

1104 



.OOOOE 

00 

1 1 44 



.OOOOE 

00 

1100 



.OOOOE 

00 

im 



.OOOOE 

00 

iio? 



.OOOOE 

00 

11*5 



.OOOOE 

00 

1104 



.oooot 

OO 

nos 



.OOOOE 

op 

i i«b 



.OOOOE 

00 

11«7 



.OOOOE 

00 

1 IOH 



.OOOOE 

00 

1100 



.OOOOE 

00 

1200 



.OOOOE 

00 

1?0! FARbTU 

251 

UPP£R HtiRIZ, TAIL D0NNRA3R VS. 

iOOOOE 

00 



»AJN ROU»R MAKE ANGLE 



1202 



.OOOOE 

00 

1245 



.OOOOE 

00 

t?0« 



.OOOOE 

00 

!2o5 



.oopnc 

00 

1 2Pb 



.0O00E 

00 

12u7 



.OOOOE 

00 

1204 



.OOOOE 

00 

120* 



.0O*'0E 

00 

1210 



.OOOOE 

OO 

I?ii 



.OfMlOE 

00 

1212 



.(••loot 

00 

I?I5 



. oooot 

00 

121* 



.oooot 

00 

1215 



. OOOOE. 

00 

12U. 



.OOOOE 

00 

1217 



.OOOOE 

00 

1214 



.(•0 w«lt. 

00 


56 





TABLE 1. - Continued 


P/A 

PKQCH** 


OESCNIPUON 

SAMPLE 

UNITS 


ST**t»OL 



VALUE 


I21« 




.40001 00 


122* 




.oeooc oo 


1221 




.40001 00 


1222 




.00001 00 


1225 




.00001 00 


122* 




.00001 04 


1225 




.00001 00 


122® 

••OPEN**! 

151 




1227 






1224 






122* 






1210 






1241 






1242 






1244 






124* 

124V 






124® 






1247 






124N 






124* 






1240 






1241 

81*04 ( 

4) 

HLAOE STIFFNESS MATRIX 
(4,31 A»R*T 

, 1 441 E 02 


1242 




.®8®tl-02 


12®4 




.5*231 00 


1244 




.®*®tt-0? 


1245 




.13271-01 


124® 




.12711 01 


1247 




.5423E 00 


1240 




.12711 01 


1244 




.42»!E 04 


.250 

CTRI* 


HLAOE Pi »U1 04MPJNG 
AFTER 1 StC OF TWIN 

.5700E-03 

f-lb/p/s 

1251 

CFL» 


HLA!»E **OOE RAMPING 
DURING FLT 

.5700E-03 

f-lb/p/s 

1252 

C2CH0 


HLAOE ¥ OOE DAMPING AT TklM 
IN I T I ALlZA I ION 

.57001-94 

F-LB/R/S 

1254 

CONK 


TAIL N'llON (DECT* 4) FLAP 
FEATH£»ING COUPLING 

.00001 04 


1254 

••OPEN**! 

2) 




1255 
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TABLE 1. - Continued 


#/» 

PROS*** 

SYMBOL 


DESCRIPTION 


SAMPLE 

VALUE 

UNITS 

1256 

»C»*R 


INCREMENTAL BLADE CM POM 

TAB 

.OOOOE SO 


1257 

IMAFL6 


HARMONIC ANALYSIS f LAG 
(GOT ACTIVE) 


.lOOOfc 41 


125* 

1259 

1260 
1261 
l2o? 

••OPEN**! 

5) 





1263 

DC0N6 


S*P ROTARY. TO-VERf. DAMPING 
L8/CFT-LB-RA0) 

.OOOOE 00 


1266 

DELCO 


BLADE ELEMENT CO ADJUSTMENT 

.OOOOE 00 


1265 

••OPEN** 






1266 

SET* 


HLAOE CONE ANGLE 


.OOOOE 00 

0£*G 

1267 

TAU 


hlaoe sweep angle 

♦FRO 

.OOOOE 00 

DEC 

126* 

CAW9* 


MLADE DROOP ANGLE 

♦ON 

.OOOOE 00 

DEG 

126« 

PM|RfF 


SLADE KtFt«tNCE FEATHER 
ANGLE ♦*. UP 


.1500E 02 

DEG 

1270 

hfaS 


HLAOE HEARING CONE ANGLE 

♦ UP 

.OOOOE 00 

DEG 

1 ?71 

1272 

1273 
1276 
1275 

• •(IPEN*«( 

5) 





1276 

GASTOP 


SwP STOP CONTACT angle 


.5000E 00 

RAD 

12/7 

GuSTOP 


SwP STOP SPRING CONSTANT 


.OOOOE 00 

FT-LB/RD 


127* 13) 

1279 
12*0 
12bt 
128? 

12«5 

I2*a 

I?#? 

128/ 

1 2ttT 
1288 




TABLE 1 . - Continued 


r/a progRa* description 

symbol 


SAMPLE UNITS 
VALUE 


1286 

1280 

|20| SS SPEfcO OF SUONO 

12R2 ••OPEN** ( 0) 

1283 

1284 

1285 
1206 

1207 

1208 
1200 
1 Juo 

1301 CVP I 10) TRIP CONTROL parameter 

POINTER TADLE 

1302 

1303 
1300 
1 30S 
130o 
1307 
l3o* 

1S0« 

1310 


.1008E 0« FT/SEC 


, l lOOt 02 

, 1 300E 02 
. 7000E 01 

,80o0t 01 

. AOOOfc 01 
,IOOOt 02 
.oooot 00 

,0000k UO 

.oooot 00 

, 0000 k 00 


1311 Fun CP ( 10) TRIP CONTROL FUNCTION ,3000k 01 

POINTER TAbLF. 

1312 . tOOOt 01 

1313 ,2000t 01 

1314 i AOOOt 01 

1315 ,5000k 01 

1 316 , 6000k 01 

1317 ,0000k 00 

1310 ,0000k 00 

1310 , 0000 k 00 

1320 ,0000k 00 


1321 CVE 

1322 

1323 
1 32*> 

1325 

1326 

1327 
132 H 
132 * 

1330 
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( 10> T “I M CONVERGENCE ERROR TABLE ,1000F-o2 

. 1000 t -01 

.tOOOk-Ol 

.ooook -02 

,3<»00k-02 

,loook-o2 
.oooot 00 

, 00(l(«k 00 

.oooot 00 
.oooot oo 
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TABLE 1. - Continued 


x/t pmogram 

svmbol 

1 33 1 CV* 

m? 

1551 

lli* 

1555 

155* 

1 55? 

1338 
1 334 
t 5*»0 


15ai • *OPE N*« ( «) 

1 la; 
t 545 
1344 


OtSCMlPIION 
( 10) TNI- GAINS 


U 5 *> 

1 357 

1358 
1354 
1 3(>0 

I iol OSOGJ ( ?0) 

1 3h? 

13 o 3 


4EC1PW0CAL OF TunSIONaL 
STIFFS S3 GJ 


sample 

VALUE 

•, 160GE-02 
• ,H>OOC» 0 ? 
.3000K-01 
.4180E-01 
,8J5Gt-01 
.,?5nofc-0l 

.OOOOE 00 
.OOOOE 00 
.OOOOt 00 
.OOOOt 00 


UNITS 


1345 

«TI 

8LA0F inbuapp Tap station no. 

.OOOOE 

00 


1340 

8 TO 

hlaoe uuTnOaho tab station no. 

.oooot 

00 


13 IT 

••OPEN** 





1348 

HTR 

height of tail hotoh *up 

,4750t 

01 

FT 

1344 

P TP J 

E-1GINF. TmNOST POLTNOMJAL coeff 
QUADRATIC TtKM 

.OOOOE 

00 


1350 

PIP? 

LINE A W TE«M 

.OOOOE 

00 


1351 

P1PJ 

LUN3TANT Tt«H 

.OOOOE 

00 


135? 

A1P 

ThPUST LlNt PITCH ANGLE 
FUSEL AC-t 

.oooot 

00 

DEG 

1353 

HP 

thpustoh position above 

FUStLAGE hEF. 

.OOOOE 

00 

FI 

1354 

SLP 

TmPUSTOP position 

.oooot 

00 

FT 

1355 

•»OPCn**< t>) 






.OOOOE 00 

.0000E 00 
.OOOOE 00 


60 




TABLE 1. - Continued 


*/a eencwse 

S*»*C 4 




«ALUC 


UftIVS 


I 

.IKK 

00 

i;«5 


00 

IkA 

.•Mlt 

90 

IS*? 

.••••I 

00 

1)44 

. **«»•? 

•0 

1 »4» 

.utAOt 

96 

nr* 

.6690? 

90 

ISM 

.96094, 

60 

IS If 

.69094 

0* 

l!?l 

.9*994 

00 

15?4 

.69694 

00 

UTS 

.**i*;t 

06 

IS?* 

.99604 

60 

IS?? 

.09*91 

*• 

IS7A 

.6***4 

00 

li?a 

.090*4 

00 

ISM 

.*0*04 

00 


’.."I 

114 ! 

ISA* 

Has 

lift* 

D»r 
u<<« 
»«• 
I Sv* 
l»*»« 
IJ«? 
n«i 
M 4 « 
1 J«S 
IS**. 
IS*? 
l)«* 
UW 
5306 


1*01 TCT 




QUASI-STATIC TUNSIOM TfMC 
C0*STAhT 


.90004 04 SFC 


|«0? • O0£**«( |4) 

:««n 

1 AOa 

MO* 

tl«» 

1**7 

!•*» 

1 * 0 * 


ORIGINAL PAGE IS 
OF Poor QUALIIT 


6l 




TABLE 1. - Continued 


*/| MDC»|N 

Mio 

Mil 

Ml* 

MIS 

MM 

MIS 

Ml* 

MIT 
Ml* • 

MM 

M<« 

m*i vac 

Mi? 

Mil 
M?« 

M*S 
M** 

M*7 
M*N 
MM 
l*W 
MSI 
MS* 

MJJ 
MS* 

MSS 
MS* 

MS7 
MS* 

MS* 

M*0 


DESCRIPTION 


s»«ru 

*»LUt 


UNITS 


( ?•) DIST. C.e. TO SHEA* CENTER 
♦F«3 


.HIM 

II 

FT 

.IMH 

•0 

FT 

.Will 

00 

FT 


0# 

FT 


•0 

FT 

.0000E 

00 

Ft 

.OOOOE 

00 

FT 

.Wilt 

00 

FT 

.OOOOE 

00 

FT 

.OOOOE 

00 

FT 

,**0*t 

00 

FT 

,0*r*E 

00 

FT 

.OOOOE 

00 

FT 

.oooot 

#0 

FT 

.OOOOE 

00 

FT 

.OOOOE 

00 

FT 

.OOOOE 

00 

FT 

.oooot 

00 

FT 

^ OOOOE 

00 

FT 

.OOOOE 

00 

FT 


M«| TRA « <01 tOC. OF MEUTRAt Al|$ Rf tATIWC a*00E 00 


TO I/O C*OR0 

:*»? 

M-J 

1 * 4 * 

l**S 

M«* 

M*T 

MON 

Mo* 

MS® 

M5I 

MS* 

ms: 

MS* 

M5S 


♦F*0 

.OOOOE •• FT 
.«Ao«E 00 FT 
.90*0* 00 FT 
.•i»o»E 00 FT 
.900»E 00 FT 
.0000E o* FT 
.0<SO«I 0A M 
.nCOOt 00 FT 
,*0<*0F 00 FT 
.*f00t 00 FT 
,no**nfc 00 FT 
.OOAOf oft FT 
.OOOOE 00 FT 
.OO00E 00 FT 
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TABLE 1. - Continued 


■/A 

nnc«i« 

orsCRinim 

SAPPiC 

win 




*At»*r 


l»s* 



.•Hll 

•• 

FI 

l«S? 



.••ME 

•• 

FT 

;*s* 




•• 

FT 

IW 



.•••at 

M 

FT 

l*M 



.••ME 

•a 

FT 

IMI 

I <*F 

fuselage mum incntia.moll 

.STTSE 

•a 

SLUC-FT? 

UM T»*f 

rusatte w i«tRiu«R|TCH 

,I»S»C 

•5 

SLUCoFTt 

ins 

Kir 

FUSt L*tC *on WRTU.MR 

.2*an 

•S 

SUJC*FT? 


i w 

FUStlltt non I<I(IIT||,R - r 

.••art 

•a 

SLUC-FT2 

ms 

i«*r 

FustLatt non i*cmtia,« . t 

.aaaat 

•a 

SLIIC-FT2 

l«M 

Klf 

rusetact **om ime«TIa»f • t 

.•••at 

•a 

SLUG-FT7 

in? 






tnt 

1IIH 

mm polam ltt»T I* 

.aaaat 

•a 

SLUG-FT2 

»•*• 

IS*1 

WM.TO>S««$HFUTt C.C. 

.aaaaE 

•a 

FT 

IA7a 






1«T| 

IIU«C 

engine mmenr ur i*e*tia 

.••ME 

•a 

SLtlG*FT2 

»•>* 

T»tTn 

tail ttolwt MCnenT OF iMihtii 

.1«ME 

•2 

3LUG-FT2 

KM 

(RTF 

ccaK nno tail rn 
CMJt *CMitl 

.aaaot 

•a 


!•»• 

G«ftC 

scat patio t**Cl*£ ♦tup lt 

• i«ME 

•l 


i«ts 

«»T* 

TAIL »OtO* «TOT NT 

.MME 

at 

| 

i«r* 






»*TT 

/-•« 

•ITCH MOW* PARTIAL 

.t«ME 

ai 


|«K 

•urn 

OTNA"lC •ITch MONK SPRING 

.tame 

as 

FT.CB/M 

KK 

OtLZOH 

otiTpOaNo dEap|nC OFFSET 
ADJUSTMENT ♦OP 

.aaaoe 

aa 

FT 

!••• 

IPNflKl) 


.aaaaE 

.a 


!••! 

TJOC 

•LADE C MONO** I St OFFSET 
♦ TIP Foil 

.oaaat 

aa 

FT 
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- Continued 


»/• 

nmtMiM 


U€3C«I»*T104 

SAHPLC 

UNIT* 


SVMOL 



value 


!•«? 

1M 


•H.40C ri»*ist OffHI 

♦ TIP UP 

.Mill 

•• 

FT 

I«*l 

• •OPf**** 






!•«« 

r*enii 


*UI*U« tNtINC HO«StPO»C* 

.oooot 

66 


IMS 

CM 


tt*TH£«|4S VISCOUS F61CHQH 


•8 

FHI/l/1 

1*1* 

•*UP€N # * 






HIT 

HPM 


»U*St-ST*TIC PITCH mOH 4 SPHIMfi 
•Hi) TIM, 4*K0 UUAS1 

.aoooE 

68 

FT-L3/PO 

1*66 

TPH 


QJ*S!-S1aT!C pitch mONN Tint 
CONSTANT 

,*IM1 

86 

SEC 

I486 

1446 

|4«l 

144? 

144J 

**OPCN**C 

S) 





1*44 

fioole 


S*P V£»TICAL CENTERING 

. oooot 

66 

LS 

1<*S 

1*46 

»OHNm( 

21 





1*4» 

T0PFL6 


4'M5r-ST*TIC TUHSIOH flag 
0*0fF. I*UN 

.8066E 

66 


|*44 

TSTO»» 


FL» THAJ. CUTOFF TfHE 

. JOOOE 

06 

see 

1*44 







1546 

MSIC4ALS 


41). OF SIGNALS IN SIGNAL SAVE 
SfcT 

.1200E 

63 


1S«| 

SU<C t?«o> 

OUTPUT SIGNAL POINTEP TahlE 

,?»T2t 

8« 


ISO? 




.2*TH 

0* 


ISOJ 




.?6T«E 

6* 


lSGi 




.26TSE 

64 


isos 




» IS JOE 

03 


1S06 




,IS«Ot 

03 


I SOT 




,?**5E 

0* 


ISo* 




,?»«S 0 h 

04 


1So*» 




,?*S»t 

0* 


1SU 




.?"T0t 

0* 


ISU 




.?671t 

0* 


1SI? 




,?MSE 

0* 



6k 




TABU 1. - Continued 


moc«a« ofscwifTioe 


S**»U IMI*S 
VALUE 


ISIS 

.*1*11 

•• 

iSia 

.**fc*t 

•* 

ISH 

.?***£ 

•a 

tsu 

.****» 

•a 

ISIT 

.*•*?» 

a* 

1511 

,***»*t 

•a 

I5l« 

.***•£ 

ea 

IV* 

.***»£ 

a* 

I5*| 

.*•**£ 

a* 

I5?l 

,*ljet 

a* 

15IJ 

.*!«•£ 

•J 

I5i« 

,*ISO< 

05 

is*s 

,*3*0E 

05 

IV* 

.*SS*t 

03 

IS** 

.*J»*E 

as 

IS** 

.*S5*E 

os 

IS** 

,*S*et 

as 

1S50 

,*S79t 

05 

1551 

.*7*0E 

os 

|S5? 

.*«7«E 

a* 

1555 

.**7*1 

0* 

ISJ* 

.***»£ 

9* 

ISIS 

.*■*!£ 

0* 

ISJ* 

.•S**£ 

05 

ISJ* 

,«S*#£ 

OS 

ISJ* 

.****£ 

05 

ISI* 

.•*IOt 

03 

IS** 

.•vet 

05 

IS«| 

.V*JOt 

03 

IS** 

. <t*l 0£ 

01 

IS*J 

.***Ot 

05 

IS** 

i*«»ot 

03 

IS*s 

. JM.OE 

03 

15** 

. J«?Ut 

*5 

IS*? 

.IVOE 

05 

|S*« 

. J7**t 

05 

I5»* 

. J7JOE 

03 

ISS* 

,37*»o£ 

03 

ISSI 

,5*?«»t 

03 

ISS* 

.i**ot 

03 

15S3 

.3**o‘ 

05 

ISS* 

. J***t 

*3 

ISSS 

,i*3o£ 

03 

ISS* 

.J**ot 

03 

ISS* 

.J*sut 

03 

ISS* 

,l*»ot 

43 

ISS* 

. J*70E 

03 

lS*f 

.33001 

03 

1 Sol 

.SHOE 

03 

IS** 

,JJ*OE 

03 
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TABUS X. - Continued 



orscftiPUOft 

8*"PtE Wilt® 

sv«*«ol 


mm 

1 5® 5 


,S55H #5 

I5ft« 


,H«H #5 

I5ft5 


.33501 65 

IS ft ft 


,l»Hl «5 

15ft? 


.19701 *5 

IS** 


.1*901 05 

15ft* 


.49761 65 

1570 


.3*4*1 *5 

1571 


,59«at c3 

157? 


. ** lot *3 

1575 


.**?«. 65 

157« 


.*8901 05 

1575 


,*7o«t 43 

157«. 


.*71 Ot 63 

1577 


.*7261 65 

1578 


.57301 05 

157* 


,*?*Ot 05 

1510 


,*750t 05 

1591 


. 3***1 03 

159? 


. 5*50t «3 

1545 


.49601 «3 

159* 


.2*821 0* 

1595 


.21641 03 

1546 


.21 70t 03 

15*7 


.21*01 03 

1594 


.21*01 03 

159* 


.22001 03 

15*9 


.22101 03 

l5*t 


.22201 03 

15*2 


.22301 03 

15*5 


.22*01 03 

15*« 


i?25*»f 03 

15*5 


.22601 «3 

15*6 


.??7*t 03 

15*7 


.41901 03 

15?" 


.41*01 03 

15** 


.29721 0* 

tft‘)0 


.29731 o* 

IftOt 


.297S1 0* 

1*9? 


,*«90t 04 

16*5 


.**601 «3 

160* 


. *51 Ot <13 

1605 


.**201 03 

IftOft 


,**OMt 03 

16*7 


.oo«il»t 03 

IftO* 


.*9 401 03 

160* 


.•»"40t 64 

1 61 < 


.295*1 0* 

1611 


.2*591 0* 

lei? 


.28701 0* 




ZABLE 1. - Continued 


*/* 


n€Sc«*I**tO* 


units 

w*Lue 


iet) 

.2**11 

9 * 

HU 

.2*6 5C 

9 * 

1*15 

.?»!*£ 

•* 

1*1* 

.2»T*t 

99 

1*1* 

»2##*f 

9 * 

1*1# 

. 3*2*1 

93 

1*1* 

.OTaOE 

93 

1*2# 

.2**tfc 

9* 

1*21 

,2**2E 

9* 

1*2? 

.29*51 

09 

1*2) 

.2***t 

0* 

1*2* 

,2**5€ 

0 * 

1*2* 

.?«**£ 

9* 

1*2* 

,2«**t 

0* 

1*2* 

.9090k 

90 

1*2* 

.B009fc 

•9 

1*2* 

.90001 

00 

1*50 

.nnoefc 

BO 

loll 

.4400E 

90 

1*3? 

.oor.ot 

00 

1*5) 

.9*09E 

99 

1*1* 


04 

1*55 

,0000k 

94 

1*5* 

.poopE 

09 

1*5* 

.oopnl 

40 

1*3* 

.nopal 

40 

1*5* 

.onook 

0* 

1**9 

.9040k 

09 

1**1 

,0«n»E 

09 

1**2 

.9000k 

00 

1**5 

.0O9OE 

00 

!»•• 

*000 <*e 

00 

t**5 

,««w» oE 

op 

1*«* 

.nnnoi. 

00 

1**7 

.On*»nk 

00 

1*** 

.OOOPt 

00 

1 *•• 

.oooot 

40 

1*59 

.oooot 

no 

1651 

.OOPOk 

06 

1*5? 

.nnnflk 

On 

1*53 

,0«IO(lt‘ 

00 

1*5* 

.nrtOOk 

00 

1*55 

.nopni. 

*0 

1*5* 

.OAnOC 

00 

1*5* 

.00001 

40 

1*5# 

.aooof 

On 

1*5* 

.09091 

00 

|A*C 

.POOOk 

00 

16*1 

,0000k 

00 

16*2 

.OOflOfc 

00 
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TABLE 1. - Continued 


»/* MfOCM*** 


AESCKifTIW 


S***PlC 

VALUC 


1003 

.ooooe •• 

1M 

.00001 00 

IU3 

.*0**1 *0 

Um 

,00001 •* 

1M) 

.00001 00 

too* 

.000*1 *0 

loo* 

.oouot 00 

1070 

.00001 00 

1071 ■ 

.00001 00 

1072 

.00001 00 

107) 

.00001 00 

107* 

.100*1 00 

1*7S 

.000*1 00 

1070 

.00001 00 

1077 

. 0 * 1*1 eo 

1070 

.00001 00 

lo7* 

.00101 00 

10*0 

.00001 00 

10*1 

.0*001 00 

too? 

.000«C 40 

10*3 

,40101 0* 

lo*« 

.0*001 00 

loss 

.1*401 00 

10*0 

.oonot 00 

!0«7 

,400*E 00 

1 40* 

.044*1 00 

loO* 

.1*00*1 00 

10*0 

.oopot oo 

10*1 

,*00*1 oo 

10*2 

.oo**! oo 

lo*3 

.100*1 0* 

|t>*i 

,o*oo*. eo 

to*S 

oooOt 00 

10*0 

.*00*1 00 

10*7 

.400*1 04 

IO*S 

.4**41 00 

10** 

.*0401 0* 

1700 

.00001 00 


1 70 1 «*07EN**C 50) 

1702 

1703 
1700 
170* 
l Too 
1707 
17#* 
l TO*' 

1710 

1711 


U«ITS 




TABLE 1. - Continued 


R/l * > KPG'»4 m 

st*iiuL 


0€SC«l^»ION 


units 

VALUE 


1712 
1715 
|7l* 
1715 
I7|« 
1717 
171* 
1 tie 

1724 

1721 

1722 

1725 
172 * 
1725 
172 * 
1727 
1724 
172* 

1750 

1751 

1752 
1755 
175- 
175* 
175* 
1757 
1750 
175* 

174* 

17*1 
17*2 
17*5 
17a* 
17*5 
1 7a* 
17*7 
17*0 
17** 
1750 


1751 FIR* 

I 25) 

FUSELAGE bOcNnASH *3 * FUfcCT, 

.1000E 

02 



OF **IN MOTOR MAKE ANGLE 



1752 



-.1000E 

05 

1755 



,*250E 

*4 

175* 



.onOPE 

40 

1755 



,*?3PE 

00 

175* 



,*OOI'E 

02 

1757 



,7*pOf 

00 

1750 



■»oriPE 

02 

175* 



.OOflOt 

00 
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TABLE 1. - Continued 


D/l PROGRAM OtSCMPTlOK 


SAMPLE 

w*U*€ 


17*0 






.AOOOt 

02 

17*1 






.**90E 

00 

17*2 






,«»#o»t 

02 

I7*J 






.*4001 

00 

|7»« 






,100"E 

0) 

|7*S 






.5*00t 

AO 

17** 






.HO»t 

05 

17*7 







oo 

17*0 






. 1 **0L 

05 

17*« 






.3*501 

*0 

177* 






.obaoi. 

00 

1771 






.ftoofct 

00 

1772 






.*oo*t 

00 

1775 






.00001 

00 

177* 






.oooot 

00 

1775 






.900*1 

0* 

177* MRHT 

C 251 

mu»I2 

TAIL 

00-i*oAS H 


•2200E 

02 



•'*10 

ROTOR 

*a*e argli 



1777 






• , 1 *00E 

05 

177* 






.OOOOf 

00 

177* 






.?«0«t 

02 

170* 






.•>0*"E 

00 

1 7*| 






.5000E 

02 

17*2 






.2*ft*E 

01 

17*5 






.ftOOCE 

02 

178* 






.l«20t 

01 

17»S 






.7O00E 

0? 

17** 






. 1 5201 

01 

17*7 






,*000t 

02 

17** 






,13«*E 

01 

17*0 






iOOOOt 

02 

170* 






,11«0t 

01 

1701 






. 1 oooE 

03 

1702 






. lOAOt 

bl 

nos 






.nooE 

03 

1 7o« 






. i oaof. 

01 

1705 






. 1 2oofc 

0 J 

1 7o* 






,O*|10t 

00 

1707 






. lanne 

oi 

170* 






.00001 

00 

1700 






.0«**E 

00 

l*b* 






.000*1 

00 

l*oi **fC 

fl«o> 

f»Lnr 

SIGNAL 

ROIWTfcR 

7 A ALE 

.*>*olE 

0* 

1*92 






.2*021. 

oo 

1*9 5 






.*»0*5t 

00 

l*g« 






.“11*1 

on 

i*05 






.100*1 

0* 

180* 






. 700VE 

on 


W»IT» 





TABLE 1. - Continued 


»/l PttACtt*" 
SV0OL 


D7SCNIP»1»N 


SAMPLE 

VALUE 


IM7 

.*0101 

0* 

ISO A 

.80071 

•a 

10O« 

, 1805E 

• 8 

I'M** 

.20087. 

08 

tail 

.1 toot 

•2 

101? 

.1206E 

02 

ISIS 

.8*157 

08 

ISl* 

. 80 | 8fc 

08 

1*15 

.1*157 

08 

l«l» 

,?*«07 

02 

1*17 

. Ml66t 

OS 

INI'* 

.10*77 

0* 

10l« 

.5*6*7 

0* 

1*20 

.lOo^t 

04 

IMI 

,2070t 

04 

1*?? 

.*0717 

04 

1*25 

. 1 07?E 

08 

1024 

.607*7 

08 

1*25 

.10417 

0* 

l«f» 

,20*2t 

0* 

1827 

,*0« 5t 

0* 

l*7« 

.10*47 

0* 

l«?« 

,20*07 

0* 

1050 

.16*17 

08 

1*51 

.60*57 

08 

1*5? 

.10*67 

0* 

1*55 

.50*77 

0* 

1*5* 

.104*7 

0« 

1*55 

.20**7 

0* 

185* 

.*0507 

0* 

1*57 

.10517 

0* 

1*5* 

,2*5?t 

0* 

1*5° 

.50557 

0* 

1840 

.605*7 

0* 

1**1 

.10557 

04 

18*? 

.50567 

0* 

1**5 

.10577 

0* 

1*4* 

,?05*E 

0* 

1**5 

.«»S*7 

0* 

1**8 

. 6 * 607 . 

0* 

1**7 

. 1 1*6 1 E 

0* 

1 *40 

.S«6?E 

0* 

1 4*4 

. i'i?07 

04 

1*5* 

.50217 

0* 

1*51 

.22007 

02 

1*5? 

.25007 

0? 

1*5? 

.40*27 

0* 

105* 

.nil* 57 

0* 

1*55 

.20**7 

0* 

1 95n 

.20517 

0* 


UNITS 
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TABLE 1. - Continued 


program 

S*MhOL 


DESCRIPTION 


SAMPLE UNIT® 
VALUE 


isst 

.bOJbt 

ON 

l«5« 

.1017E 

UN 

iss* 

.50JSE 

ON 

ISfcO 

.t«V»E 

ON 

I8bl 

.i*00t 

0? 

I A*? 

, HOPE 

0? 

IASS 

, 1 »not 

0? 

I«0<* 

. JSOOt 

0? 

ISOS 

. OOOOE 

00 

1 Abb 

.OOOOE 

00 

1 itl 

.oooot 

Oft 

18bA 

.oooot 

ou 

18bN 

.oooot 

on 

I A?0 

, OOOOE 

00 

1 AT l 

.oooot 

00 

IA7? 

, OOOOE 

00 

1871 

.OOOOE 

00 

lit* 

. 001 ) 01 -, 

00 

I A75 

.ouoot 

OP 

187b 

,0000k 

00 

1 #77 

.OOOOt 

00 

1A7A 

.■>«ni>E 

00 

1870 

,00u0E 

00 

18rt« 

.oooot 

00 

18*1 

.oooot 

00 

188? 

.ooooe 

no 

1AM 

.OOOOE 

00 

1 Abo 

, oooot 

00 

IAAS 

, QOOOt 

00 

|AA», 

.oooot 

00 

1887 

.oooot 

00 

188ft 

.oooot 

oo 

1880 

.noone 

00 

lAVfl 

.ooooe 

00 

I AO | 

.OOOOE 

uo 

ieo? 

.OOpOt 

00 

1*01 

.oooot 

oo 

1 *9o 

.oooot 

00 

1 AOS 

.oooot 

00 

!A0«, 

.oooot 

no 

HW7 

.OOOOE 

00 

1 AOm 

.oooot 

00 

1800 

.<»0«0t 

00 

|Ooo 

.oooot 

00 


1°01 *«OPEN«*< #0) 

IV)? 

l°0 1 

lVou 

I VOS 





TABLE 1 . - Continued 


*/* e»no« 4 ** 

5Y**»OL 

190* 

1907 

190 * 

W* 

1910 

i »n 

1912 

191$ 

191* 

1915 

191* 

1917 

l«l* 

1 91 0 
1020 

1 921 

1922 
192 J 

1928 
l«25 

1 926 

1927 
1«2* 

1929 
1 9J8 
|93l 
19J2 
19J3 
1931 
19J«! 

193* 

1937 

t93* 

1939 

1980 


OE3CKl**TlON 


S»**p LE 

v*tue 


U9J73 


1981 

3*30* 

f 7) 

3*3 

0*7 * 

t OR 

X-ST1CK 

,90001 

00 

1982 







.00 00€ 

00 

19«J 







.ODliOt 

00 

198 8 







.00001 

00 

1941 







.nooot 

00 

1 986 







,00001 

00 

1 9<l 7 







.OOflOl 

00 

19#<* 

3*31)7 

l 7) 

3*3 

DATA 

1<W 

7-ST1C5 

.oooot 

00 

1 9<l 9 







.oooot 

00 

1950 







.00001 

oc 

1951 







.oooot 

00 

195? 







.00001 

00 

195$ 







.oooot 

00 
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TABLE 1. - Continued 


R/A 

PROGPa“ 



DESCRIPTION 

Sample units 


svrrul 




value 

l«Vi 





.OOOOE 


ms 

SASOfL 

( 

7) 

SAS oata FOH ELEVATOR comtr. 

.onnoE 

00 

m* 





.OOOOF 

no 

t«sr 





.OOOOE 

00 






.OOOOE 

00 

m« 





.OOOOE 

00 

I Vt»«» 





.oon-'t 

OP 

»9o| 





.nopoF. 

00 

T *•*>? 

SASDAL 

( 

7) 

SaS OATa FOH AILERON CONTS, 

,oo?o v 

00 






.OOOOE 

00 

IHofl 





. noooE 

00 

106S 





.OOOOE 

oo 

I'Jo*. 





.ooooE 

, A 

1<»07 





.OOOOE 

00 

19?P 





. oooOE 

00 

I9t><» 

$*sotr 

( 

7) 

$AS DATA FO« TAR ROTOR CON. 

.OOOOE 

00 

1970 





.onooE 

00 

* *>7 1 





,UO"OE 

00 

m* 





, OOIJOE 

00 

1973 





.OOOOE 

)0 

lR7<t 





.0009E 

oo 

io;s 





.OOOOE 

no 

1 97t> 

SASORO 

( 

7) 

SAS OA?A FOH HUOOf COMTR. 

.OOOOE 

00 

1977 





.OOOOE 

00 

1970 





.ooooE 

00 

19/R 





.nnoot 

oo 

1*40 





.OOOOE 

00 

1901 





i OOOOE 

00 

19*2 





.OOOOE 

00 

l9#3 

kxcfS 



FI LUNG. STICK FOR 
tOO PERCENT INPUT 

. 1 OOOE 

o: 

196« 

XVCFS 



FT LAT. STICK FOH 
tOP PERCENT INPUT 

.1000F. 

01 

|9(,s 

KEIFS 



P AO I* NS OF elevator deflect, 
for TOO PERCENT Input 

,oOOO. 

00 

»«(««, 

« AlLFS 



RADIANS OF AILERON DEFLECT. 
for Ido percent input 

.OOOOE 

00 

1 9a7 

KlHFS 



R AO I A NS OF TAIL ROTOR COLL. 

foh to? PERCENT Input 

, 1 O00E 

01 

I960 

KHUOFS 



R A 0 1 A N f OF RHODE* 

FuR | ii() PF.nCFN T PEDALS 

.OOOOE 

00 





TABLE 1 


Continued 



P»f»GP (K 

OFSC«IF»l«»l 

so*nt 

U»IT8 


S»**HCL 



VALW 



ulttfJ 


•» UH.LtCTI*t 

.moot 

•i 




FllW l«J«l 

F’FwCtST SIICS 




|«t* 

«PfS 

0»[>1 tss 

I*f (SUIHF Ftft C*»I»TH. 

.POOOF. 

«*• 




F*iK |Ai- 

Fl»Cf‘:I »(JV|VtNT 




J«l 

SOPFS 

4>HU«S 

IIF UlVCoOAKF WO 1 AT 10* 


•• 




fl»o | (» n 





l«W 

• HFS 


nF FL* P 'HlTJOW 

.ooo*E 

00 




FIS 1**0 

Pt*»CF'*I 




|W1 

*I«F3 

«»r*| as* 

OA *1*6 INCirtPCC 

.OOOOt 

OO 




F'|M 100 

P£*»CES» POVEPtST 




|«* 

•IhIFS 

»A*M AF»S 

OF ttOWIZ. TAIL I**ci0. 

.0900E 

00 




FiJW U< 0 





1 «<»s 

• 6 ) 













1997 







|Q1K 







|«<W 







2030 







20 r»f 

ThTiWS 11*0) 

F**l« SAVE 0»T* (?0, 7) A»«AY 

.OOOOE 

00 

PAD 



WLAOE FOKSIOS OISPL. 




ion? 




.OOltOf 

00 

0 AO 

2«»ot 




.YO.IOE 

0* 

had 

/no* 




.ooeOE 

00 

MAO 






<10 

PAH 

i*Qn 




.OOoOt 

00 

OAU 

2*.tT 




.••root 

0« 

«ao 

/>)* 




..miiftF 

ft* 

WAr) 

2.i no 




.OOOOt 

*l» 

kao 

2010 




,n«*r. 

<10 

► All 

2m : 




.OOOOF 

00 

W*t) 

2m? 





Of. 

KAO 

2m J 





00 

KAO 

2m i 





ftft 

KAO 

2 <i is 





AO 

un 

2«U. 




m OC'jOt 

r. j 

pah 

?***. » 




.aonot 

Oft 

MAO 

2*i« 




.<>0<i<’t 

<10 

WAD 

2»1« 





00 

WAD 

2<-2« 




, AouAt 

Aft 

KAO 

2«2l 




t lMCIIf 

oo 

KAO 

20?; 




«» AA*£ 

oo 

WAD 

2^2 ^ 





00 

win 

20?« 




.rtimot 

OO 

KAO 





OKI*; INAL 

PAGK lb 





OK i\ x \{ 

U,'.wM:T 





• >* r. *, 

?b 

' 1 A iiA 



TABLE 1. - Continued 


*/» 

P*06»*»“ 

WSCWIPMp** 

3*“«*LC 

u*I 




WM.OF 





,o»«ce 

0# 

MAO 

U(f*i 




oo 

*Af) 

•1 n 



.aon<**-_ 

o* 

®4H 

02* 




00 

AA0 

Of* 





Min 




ilH-IPt 

©a 

Mm 

•' J5 



9 1 * •' i»r 

©0 

win 

* if 



‘ ft «i 

1* A 

win 




. OOI.<<» 

«0 

pin 

0>4 



n^Oft 

Of 

wap 

«*>* 




00 

V||. 

a Jf. 



.P«*90t 

no 

nn 

0 17 



.ftOAOfc 

00 

WA0 

M« 




oft 

Mill 

.1 }« 



•lAul'f 

• 

00 

Ml.i 

«14<1 




00 

*»'AM 

INI 



.<*©©<•€ 

00 

wad 

<?s? 



.fapPt 

©0 

WAP 





00 

pin 

" < a 



•tmtOt 

00 

WAQ 

•.•aS 




Ad 

»AH 

1# 14* 




on 

win 

!M7 




«© 

W AO 




# OOA«* 

no 

win 

««« 



.flnnpf. 

©0 

WAl) 

nsc* 



# *©oot 

00 

win 

"M 



^JltniAfc 

no 

WAP 

1>S<? 




«*n 

WA<> 

“S' 




o© 

Min 

<*« ><i 



,4*|Artt 

(Ml 

Pin 

os«. 




©o 

WAO 

05*» 



# 1M«»t 

on 

win 

"*}7 



# *ftr»©£ 

00 

WAP 

u Si* 



9 mlfllt 

©0 

WAP 

>» 4 <» 



i’t 

©o 

tan 





00 

Pin 

r-! 



# •*©©©* 

00 

WAP 

•>*>P 




*»n 

WAP 





<»A 

w An 





0© 

w At* 

ufi<i 




on 

WAp 

1 o»» 



# ©©A©* 

on 

win 

(>f»7 




«»n 

WAP 





on 

WA» 

*•.*» 



. t 

n«» 

WAP 

i> /*’ 



w ,Vir»ot 

nn 

WAP 

l’7l 




••0 

WAP 

ft 7/ 




no 

♦•AT) 

•7< 



.no©o£ 

no 

WAP 

l'7« 



. «»A(; Ot 

no 

WAP 






TABLE 1. - Continued 


»/4 

W6»»<' 

i »tSC“l«*TiO^ 

S4«ett 

UNITS 




*4U*E 


2«J<» 



.«M4l 

•• 

■on 

2o r» 



. ooooc 

«» 

■an 

2«*77 




oo 

W40 

2** 7a 



.OO«0E 

00 

•40 

/(•»• 



. ooont 

oo 

•an 

24*0 



.KMdt 

00 

•an 

H«1 



. “ 0 r>>*€ 

on 

•an 

2992 



.0«I0OC 

4» 

•an 

2<i«» 




no 

•an 

2«m 




0* 

•an 

20>»S 



.•Kindt 

no 

• an 

20**»> 



.ooc**-. 

«0 

•an 

20«? 



. .moot 

00 

nan 

24«H 



,«4«H 

00 

•an 

2*«« 



. oOnuE 

on 

•an 

2<«) 




00 

•an 

2441 



,00«*it 

00 

•an 

20«2 



."•Wf 

00 

•an 

2»<*J 




00 

•an 

2#»» 




oo 

wan 

209S 



,4M#t 

0* 

• an 

209* 



,0OO«t 

00 

•an 

2'wt 




00 

•an 

2<«9* 



.fluont 

oc 

•an 

2«»« 



, ndnnt 

00 

•an 

?lu« 



.n#6dt 

00 

• an 

21 o« 



.•tail Ct 

00 

• 40 

2("2 




00 

•an 

2MI 



.nooot 

00 

wan 

2I«< 



,#44H 

00 

•an 

2lvS 



,0"Owt 

oo 

•an 

21 «■«* 



.OnnOt 

0 0 

wan 

2l*>7 



.ooont 

00 

• 40 

21*4 



,0OO"F 

00 

• an 

2109 



,»00OE 

00 

•an 

2>l» 



.nooof 

00 

•an 

21 1 1 



.OOOOC 

00 

•an 

2112 



.oooofc 

00 

wan 

2'H 



.noooE 

00 

wao 

21 1* 



.nooijE 

oo 

• an 

21 IS 




00 

wan 

21 to 



.OOOOt 

00 

•an 

2H7 




00 

•an 

2110 



.oonot 

00 

• ao 

21 1« 



.nnnot 

00 

• an 

2120 



.oooot 

oo 

•an 

2«2| 




00 

• »0 

2 » V 




00 

wan 

2l2« 



.noon£ 

00 

wao 

2I2« 



.oonOl 

00 

wao 
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TABLE 1 


Continued 


*>/« i**pc<»*“ 
SmiH. 


OtSC«l»*TjO«i 


S*“«»tE UKIITJ 
**LOE 


iliS 




.44»« E 

00 

»*o 

ili* 




,«#wt 

00 

tun 

iti7 




.oooot 

00 

tuo 

ili* 




.00«0t 

00 

6*0 

ili« 





00 

6*0 

it S« 





oo 

tun 

it 11 




.•>«46t 

00 

6*0 

ill? 




.4660t 

•»0 

6*0 

it S3 




.oni'H, 

00 

6*11 

it t-i 




.nonet 

00 

w*n 

it IS 




,46*m»C 

00 

6*0 

it 3** 




.oonnt 

00 

h*i. 

it 17 




t rti.'nOt 

no 

6*n 

ill* 




.noooe 

00 

6*p 

ill* 




.OQllOt 

00 

6*11 





.oocot 

00 

6*0 

il«I T 

( ill 

"Enoinc 

i toot I**I7. COfcnpIONS 

-.«ti*fc 

01 




C J.T) 





it*? 




-,?7ii£ 

et 


itol 




-.intut-oi 


ilaj 




-.*4*»6E 

at 


?1«S 




-.V»74t 

01 


it*i> 




. 1 7 1 *t 

60 


iI37 





01 


il*>6 




-,1-lit 

01 


?U« 




. ISTjt 

00 


ilSo 




-. viaait 

61 


i^Sl 




. ! i*^E 

01 


ilS? 




. 1 *7 St 

*6 


21M 




.Oflnpt 

0 4 


ilS* 




iOui'iiE 

60 


itv; 





60 


it St. 




.‘ttout 

60 


ilST 




,.*n<s«t 

00 


its* 





00 


itv> 




.•moot 

00 


itoo 




..moot 

00 


itot 




.nnnot 

00 


it"? »o 

* it» 

(1.7) 

•tcocniEs 

-.t tsot 

6? 


itot 




. *Soof 

Oi 


itfia 




-.l?t»?t 

ot 


it*.*. 




.1<’*St 

oi 


itoo 




-.1 S?«E 

«i 


?to7 





on 


?<•»« 




*,l “"St 

•16 


itf' 




-.'•*517 

OJ 


it to 




-.01 1 st-ot 


il'l 




.!!??► 

»>r. 
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TABLE 1. - Continued 


H/« PurdK** 


S***PLl 

St’^tOL 


*»LUf 

2X72 


,liw. M 

2\li 


,l»?t M 

2X7* 


.0*01*1 00 

2 17S 


.9003t 90 

2tr» 


.■1090*: 00 

2177 


.onnot OO 

217 n 


.•>n>iuf oo 

2X7 • 



*l<*0 


.«O«0fc 09 

*101 


, o* 

2Us? 


.0O00t 90 

?I<M »«H> C 2 t > 

*3.71 *CCltE*MUu*S 

o? 

i l<*« 


,10*»9f 1,} 

2 loS 


.*?*«*t Oi 

;i«<> 


«.lS7St 02 

*l»7 


.2 lt.»» 0* 

*10« 


-. 7**7t 02 

*10«» 


. | «<*«E f.j 

2l«l< 


03 

*1*1 


,|49l£ 0* 

*1«»? 


. 1*not 

*1«M 


•, 1 ? 1 *» ii a 



-,t*i5«£ OJ 




*!«»( 


.<10i««lt 0O 

*t«7 


.oooof op 

?19« 


.9*0»»t 00 

*1«<» 


.iiooot 00 

22* t 


.1*0001 00 

229 1 


.rtOOOt P0 

22*2 


.iiaoot. oo 

22 1#» 


."■loot no 


2 ?** «»PPtK««C o 0 > 

2*9S 

22 »« 

22'<7 

22 ** 

?>0« 

e?io 

22xx 

22x2 

2 ?x* 

22X* 

22 l«> 

e<?u 

22 IT 
22 X* 

22 1 « 
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TABLE 1 


Continued 


k/i 

SfXMlC 


yCSCM^Mo*. 


S«»»t*L€ WIT® 
VALUE 


22*0 

2221 

22*2 

2224 

222 * 

222* 

22*., 

2227 

7ii« 

224 * 

2241 

2742 

2245 
27 »« 
224 * 
*23" 
2247 
224" 
22 4° 
22 -* •> 
*2«l 
22«*7 
22 >4 
22«*-« 
**«* 
22** 
27o7 
22'*" 
**•*» 
2750 
2251 
’252 
2254 
2251 
225* 
2cS*« 
2257 
225" 
225* 
*?"* 
22 1,! 
22t7 
22" 4 

22 t >*» 
?- j * 
22o" 
22 « ’ 
22 -»" 



TABLE 1. - Continued 


o/a * !iFSOl p Tli"« 


$tNP L ( 

vaiut 


2270 

2271 

2272 
2275 
227* 
22 ?S 
22?*. 
2277 
2270 
2270 
2?»'* 
2201 
22*2 
22f( 
22 ** 
22*S 
22** 
22*7 
22** 
22o*» 
22*0 
22*1 
2292 
2295 
22*** 

2295 
221*. 
2277 

2296 
2299 


2500 


«■». «IF S1G40LS Til h*R9?»IC»LLV 

,i mot 

02 






2501 MStti 

( SO) 

m.*. S1C***L POINT** T**LE 

, 1 190f 

u3 

2532 



.moot 

02 

2505 



. 3 Q 00t 

02 

25o« 



.OOOOE 

<*2 

23oS 



. I?0«>t 

03 

250* 



. 1 21 of 

03 

23n7 



. 1 22°t 

03 

23t* 



.I230E 

03 

2509 



.12007 

<>3 

2310 



. * 2S0fc 

05 

2511 



. 1 2ef£ 

03 

2512 



.nnnut 

on 

23! 3 



. *100.-11 

on 

231* 



.illlOlif. 

00 

251*; 



.iulftoE 

CO 

2310 



.nnnnt 

00 


UNITS 
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TABLE 1. - Continued 


0/o p«og«*a* ii£SCni**non 

ST**H0L 


SAHPI.C UMITS 
0»tUf 


2317 

.OOOOfc 

00 

23IM 

.00001 

00 

2310 

.00001 

00 

2320 

.00001 

00 

2321 

,«0nn1 

00 

2322 

.00001 

00 

232 3 

.ooooi 

All 

232* 

.oooOE 

oo 

2320 

.iiopoc 

•A 

2320 

.00001 

00 

2327 

. ‘HMl'it 

0* 

2320 

.0*001 

00 

2 320 

.00001 

00 

2*3*» 

.Oil**! 

■Jo 

2331 

.•moot 

00 

2332 

.Oonofc 

oo 

2333 

.00001. 

00 

233* 

.•moot 

00 

2330 

.0 tinni 

AO 

233*. 

.oooot 

00 

2337 

.00001. 

OP 

215* 

.ooont 

OP 

2S3« 

.ooooi 

30 

23*0 

.00001 

00 

23*1 

.00001 

00 

23a? 

.00001 

00 

23*3 

.00001 

oo 

2344 

. OlfOOl 

OO 

23*0 

.00101 

00 

234*. 

.*IMI*t 

00 

23*7 

.oimoE 

00 

23*0 

*000*1 

00 

231* 

.00001 

00 

2350 

.1100*1 

00 


2351 ••PP€N««( «»o) 

2352 

2353 

2 35 a 
25SS 
23S* 

2>S7 

2350 

2 35* 

23oC 

2SM 

23*2 

23*? 

23o« 

2 3oS 


TaBLE 1. - Continued 


«/* 


|.CSt«irl|on 

sa«h.c units 


svwanc 


VALUE 

21ftO 

?»*7 




23ft* 
?J*» 
23 TO 

2371 

2372 

2373 

2574 

2575 
237ft 
2377 
2371* 
237« 
2i»P 




2*01 
?W 
?JM 
23t>« 
2 505 
23*ft 
23*7 
23*** 
23<J9 

23«*> 

2S«l 

2392 

2393 
239* 
23»S 
239ft 
2397 
2 394 
2399 
2*30 




2«ul 

3«EC (100) 

PLOT SIGNAL SCALE FACTtIMS 

.oooot on 

2*0? 



.oooot 00 

2*03 



.ooooe oo 

2«09 



.oooot on 

2905 



.nooof oo 

29*>ft 



.oooot oo 

2«0 7 



.nnnot no 

293* 



.oonoF oo 

29n9 



.moot oo 

24 in 



.ooOrtt 00 

?«11 



.doiioi. 00 

«.*»»; 



.moot 00 

2«I3 



.oooot oo 

241* 



.ooiiot on 
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TABLE 1 


Continued 


R/t P»06*'»'* 

f'ESCrflPTlON 

3**«*lE U«*It5 

S »««»*«. 


V*L'*E 

2«|S 


,00<1«E 

00 

2*lt 


.oooot 

00 

24J7 


,0000k 

00 

?4|* 


.OOPOt 

00 

24t« 


.nnont 

00 

2*20 


.aOOOk 

00 

2*21 


.nooOF. 

00 

2*2? 


.ft none 

00 



,0000k 

40 

2*24 


.oof flt 

00 

2*25 


. 1*000} 

00 

2**?*, 


.OooOk 

•10 

2^27 


,»OP«E 

00 

2*2* 


.npnofc 

00 

2 a 24 


.nnoOE 

00 

2*30 


.noooF. 

00 

2*3* 


.nnn»k 

00 

2*32 


.oonPt 

OP 

2a 33 


.nnoOF 

00 

243a 


.Aft not. 

00 

2*35 


,0000k 

00 

2<*lb 


.ooont 

00 

2437 


.OOOOfc 

00 

2a 3* 


.ooooe 

on 

24 J4 


.OOllOE 

00 

2««0 


, 11 0 0 0 k 

00 

2**1 


, 0 «nOk 

00 

2**2 


, niimik 

no 

24«i 


,011.101 

on 

2444 


,0'10'ik 

no 

2445 


,0000k 

00 

244#, 


.OOOIIt 

00 

2447 


,0000t 

no 

24a* 


,.ioonf 

00 

2444 


, lilioot 

00 

2*54 


.OOOOE 

00 

2“5l 


, noo«b 

OP 

2 «52 


,0000k 

00 

2453 


,0000k 

no 

2**54 


.Itooofc 

00 

2*55 


,0000k 

OP 

2a5*> 


,0001't 

on 

2457 


.■moot 

OP 

2054 


.oonot 

no 

?4S« 


,<M>flOk 

00 

24V 


, non Ok 

on 

2401 


. ii'ioOk 

on 

2«6.' 


, 

no 

240} 


,.100 11F 

■10 

2004 


.Ollllllt 

no 


8U 





TABLE 1. - Continued 


»/» 

MOO#*** 


07 SCwIPTlO*# 

SAMPtC UNITS 


S»"ftUt. 



VAL'IE 

2 * 9 % 




.OO0OE 

1 

00 

2*99 




.0«00l 

00 

2««*7 




.««in«t 

00 

?«6H 




.00007 

00 

2«fc<* 




.0«o»t 

00 

2*1 o 




.OOnoE 

00 

2*7| 




.oooot 

00 

2 * 1 ? 




.OOnnf 

00 

2 * 1 \ 




. OOoOt 

oo 

2 * 1 * 




.ouoot 

no 

2«7S 




.f'finot 

00 

2 * 1 * 




.oonoh 

00 

2*11 




.<»on>»t 

00 

2 * 1 * 




.oooot 

00 

2*»7« 




.oooot 

t»0 

2«"0 




.«mo«€ 

00 

2«M 




,OOM»t 

00 

2«*2 




.oooot 

00 

2*05 




.oooot 

oo 

2'»d« 




.oooot 

00 

2«*5 




.oooot 

00 

2«n»*» 




.oooot 

no 

2*«7 




.oooot 

oo 

2*«* 




.nooot 

00 

2 *** 




, ’io out 

00 

2**0 




.oooot 

on 

2*«1 




.f.OOOt 

oo 

2«>»2 




.oooot 

00 

2<**5 




.oooot 

00 

2 * 9 * 




.oooot 

00 

2 * 9 'y 




.oooot 

oo 

2 * 9 * 




.O.IOot 

oo 

2**1 




.oooot 

on 

2 *'** 




.oorot 

oo 

2**9 




.oooot 

00 

2500 




.oooot 

00 

25ut 

*»T I ^ < 

7) 

f*rt 4 »v lc TUMSIIJH INI T. CON0. 

.oooot 

00 




l'ISPl*Ck'’E-«TS 



2502 




.oooot: 

00 

250? 




.oooot 

00 

25o« 




.oooot 

00 

25v5 




.oooot 

no 

25 Jn 




.oooot 

00 

2 507 




.ooooC 

00 

25o* 

PTMO ( 

71 

VELOCITIES 

.llOOOt 

00 

250° 




.oooot 

00 

25 If 




.oooot 

00 

25J1 




.oooot 

00 
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TABLE 1. - Continued 


mac= 

"/» 

PWCGHA* 

strain. 


DESCRIPTION 

SAMPtC 

VALUE 

UNITS 

25t2 

2515 

25l« 




.rti>oOE oo 
, 0 OO«E 00 

.oooot oo 


25 IS 

2516 

2517 
251* 
25 1® 

2520 

2521 

®TMOO ( 

7 1 

4 CCELEP»UM **3 

.OOOOt 00 

.iiopoE 00 

.OOOOf 00 
.oiMiOt 00 
. OOOOt OC 
.ilO'.Ot 00 
.OOOOt 00 


2522 

2523 
252* 
2525 
?52*> 
2527 
252* 
2525 
2530 

**OPt*««< 

9) 




2531 

Tm*SS 


transmission pass 

.OOOOt 00 

SLUG 

2532 

XCGf 


f«4NS v !SSi0w ctt loCATin* 
X 

.OOOOt 00 


2533 

yc.'.i 


Y 

.oooot oo 


253* 

icr.t 


7 

.OOOOt 00 


2535 

J * X T 


TPAns-'iSSlOj ««m jmfHTI* 
»t'LL 

k oooof oo 

SLUG-FT2 

2536 

I Y Y T 


*1 TC* 

.oooot 00 

SLUG-FT2 

2537 

IZZT 


Y Art 

.oooot 00 

SLUG.FT2 

253* 

lXYf 


0 - P 

.oooot 00 

SLUG-FT2 

253® 

!*?r 


P - Y 

.oooot 00 

SLllG-FT* 

2540 

I Y 7 f 


P - Y 

. nnnot 00 

SLIIG-FT2 

2541 
25'i2 
254 X 
254 < 

2545 

2546 

— 

• *«IPtH«n ( 

I'M 
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TABLE 1. - Continued 


»/A 

PhOG*A“ 


HI SCRIPT I0-* 

Sample 

UNITS 


SYMhUL 



VALUE 



25a? 

25a* 

25a<> 







2550 

255 1 







2552 

255J 

255* 







2555 

i stall 


OYMA“IC STALL SInmh.aTIDI* fug 
1 *51 *LL SI*. 

. OOOPE 

00 


255 ♦» 

••open* * ( 

5) 





2557 







2S5« 







2550 

FACT* 


FACTOR >I5KU IN C* CALC DUPING 
DYNAMIC STALL SIM. 

.OOOOE 

oo 


25*0 

•»OPFN«« 






25*1 

PmIZS 


jf.t T , shaft phi «oTat:un 

-.2000E 

ot 

DEG 

25*2 

TMTZS 


I*jf T. SHAFT THETA POTATION 

-.oOOPE 

ot 

DtG 

25*1 

PST ZS 


I n I t . shaft psi notation 

.OOOOE 

00 

DEG 

25*a 

25*5 

25*0 

25*7 

PS*!* 

25t>o 

#«0P£ *'«*•{ 

6) 





2570 

$f *70 


STATION «*HF.R£ Sr.ftP AND DMOUP 

HfcGIN 

.aooot 

00 


2571 

PI> ( 

7) 

DYNAMIC PITCH HOHN INIT. C^NO. 

.oooot 

00 





DISPLACEMENTS 




2572 




.oooot 

00 


257} 




. Oi'Odt 

oo 


25 7 a 




.OOilOF 

00 


25 75 




. oooot 

00 


<r57o 




.OIMMlE 

0 0 


2577 




..moot 

00 


2570 

PINO ( 

7) 

V c ‘ OC I 7 ItS 

.oooot 

no 


257'i 




.oooof 

00 


25«o 




, oooot 

0 0 


25«I 




.oooot 

0 0 
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TABLE 1. - Continued 


»/» 

PROGRAM 


DESCRIPTION 

sample 

UNITS 





VALUE 


*58? 




.0000E 

00 


*58 J 




.OOOOE 

oo 


*58u 




.oooot 

oo 


?5B5 

PI Mill ( 

7) 

ACCELERATIONS 

. )00 n t 

00 

1 

*5 »6 




.oom>t 

1)0 


*587 




,'iOOOf 

00 


*588 




. moot 

00 


*580 




.006 It 

00 


*5 it* 




.oooufc 

00 


*501 




.ooooE 

oo 


*50? 

*50* 

*5oa 

*S'»s 

*51* 

*S'»7 

*518 

*5io 

*0'.lO 

• *np£'4**( 

9) 





*10! 

ALFA ( 

*0 

A 1 WFP A M E Af 80 COEFF TAHLE 
* ir.LE PF ATTACK 

180OE 

OS 

DEG 

*10? 




. 18«0t 

03 

DEG 

*10 i 




. Oi'OlE 

00 

PEG 

*600 




.oooot 

00 

PEG 

2©uS 




. oopot 

uo 

('EG 

*60* 




. 6H00E 

00 

DEG 

*6tlT 




, jnoot 

<»0 

DEG 

*M)8 




.oooof 

no 

UF G 

*600 




. oonnt 

uo 

PEG 

*610 




. onont 

0 0 

oE<; 

* 6 1 1 




# » 0 0 • j 

00 

PEG 

*61? 




.00961 

on 

OF G 

*61 5 




. iiniiOf 

00 

t'ZVy 

*610 




. noon l 

oo 

DEG 

*6!S 




.OOO'Jl 

oo 

OfcG 

*616 




.oooot 

00 

OFG 

26 t 7 




, 00(11)1 

00 

PEG 

*6|K 




. ompt 

no 

Ub G 

*6t1 




% O 0 0 0 r_ 

V) 

DEG 

2 6?0 




. OOU'lE 

0 0 

PEG 

*6*1 

CL ( 

*0) 

AtPFH«H£ CL TAHLF 

. nonot 

Ot* 


*6*? 




. o o o o t 

00 


*0 2 T 




.) onot 

01) 


*6* 1 




, 6 0(101 

oo 


*e*S 




, oonPE 

00 


26*6 




.oonot 

oo 

♦ 

1 




TABLE 1. - Continued 


»/• 

tMtOMUf 



S»**»*Ut OtjTS 





**LI*C 





.•OOftf •• 

fit 




.ftftftOt M 

ft* 




.ftftftftt •• 

fit 




.Mite •• 

a* u 





fit 




.ftftftftt M 

fa 




.ftftftftt «• 





.oaoot •• 

fi* 




.ftftoftl •• 

f t* 




M 

fil 




.o«o«t 00 

fit 




.ofte«t ft# 

a*j<* 




.OOftOt 0* 

f*9 




.onoot P« 


c* 

t a«i 

C" TftMLt 

•oooot «• 





.ftftftftt Oft 





.O"00t •• 

f*t 




.nftftOE •• 

?»iS 




.««00t «• 

?6»*> 




.o* 0*t Oft 

2«»«7 




.OOOOE «o 

ao** 




.UftOftfc Oft 

a**® 




.o«o»t go 

a*so 




.oftoot go 

2«*si 




Oft 

a**»a 




.QOOOt ftft 





.00a#E Oft 

a*»s*» 




.o»oot o« 

a 




,00«nt 00 

a«s. 




.ftAOOt 00 

f^i 




•.nnnoE oo 

a®s« 




.00001; 90 

a®s« 




.OftftOt 00 

ieSt 




.ooniit go 

aoot 

CO 

< ao> 

CO T »»Ll 

. iosoc oa 

a***? 




,3o50t oa 

at»<*i 




.oooot 00 

2tn<t 




.ooimt oo 

a*»«’' 




.OOftOt 1)0 

a*»o« 




.oonok 00 

afct.7 




.•IfiftOt 00 

<?Sh>i 




.nonoF oo 

a*»6*» 




.oooot Oft 

ab7« 




.nnout 00 

2t.n 




.UtlOOt l>0 

i*T? 




.nooot 00 

a*r> 




.OnnnE fto 

fin 




.nooot oo 
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TABLE 1. - Continued 


0/a 

P«OGV*“ 

DrscMOlOu 


U*ITS 


**“■*01 


FAtUE 


J*7« 



,»ttH Of 





.*oe«e •• 


2*77 



.oooot •• 





.1000E 00 





.0«i»0E 00 


2**0 



. oooof «0 


?«»l 

*»!H« 

*f»S **€* 

.teoaf «f 

FT 2 

2M? C-IWE 

olfcC C**l>»D 

.lOOOt .1 

FT 

2*« 

*l»TH 

rail. mifiM «M.*0 APE* 

.n«ot 02 

rr? 

<««« 

«3* 

talL HllTliK MA0IU3 

.«o7oc oi 

FT 

260S 

CL*T« 

T*!L UCl/UALPMA 

.3730E 01 



m 

Tali. »om« IIP loss FAC1UN 

.07««t 00 


a*»«» 

• •0»f **»» 




2»«» 

cutout 

*al» WlUM HLAUE (EWII C'JtfHlI 

.«**00E 01 

FT 

2»«o 

260'J 

?ftVI 

2o<*2 

M3 

2«o« 

2ov«; 

2«*0e 

2«iv7 

2o'» , « 

27«<J 
2701 
Ho? 
Z1d\ 
27<Ja 
27-JS 
2' Jo 
2707 

•>0PE***( 1 12) 




2 7<;h 
270« 




i 

2M<* 





27| ; 





in? 





m ; 

2714 





27|«> 
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TABLE 1. - Continued 


k/i wwou* 


*» , nE 

VALUC 


* 71 * 

2?1« 

gti* 

era 

979* 
9 775 
?»i« 
9 7 IS 
97 it 
9797 
979* 
97i* 
97i* 
27J1 
27J2 
971% 
9 7JJ 
27 JS 
97i* 
2757 
275* 
27 5-* 
27*C 
27*1 
27*2 
27*5 
27** 
27*5 
?7«« 
27*7 
27** 
27** 
275<* 
2751 
2 752 
2755 
275* 
2755 
275*. 
2757 
27$** 
2 75-7 
27*:| 
27oi 
2 7»2 
27o; 
27b* 
27oS 
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TABLE 1 


Continued 


•/* **woc*»»*' i.rsc*'!*** !«* 


*7„<» 

>7*0 

*770' 

*77! 

rnf 

ni\ 

?nt 

?77S 

*77* 

*777 

g77* 

*77-» 

*7*P 
?Th | 

a 7 *? 

«* 7 f 2 % 

* 7p« 

*7n% 

*7-9 

*7r7 

*7*0 

*7.*« 

*7vj 

?7<»i 

gjtf 

g7<»\ 

^7WU 

?7«S 

*7<»7 
i f'*’* 
g?<to 

?*o.» 

2 *ut f>PF ( 7 ) »SFuni» PITCH HUH* S»Vt 0*7* 

OISPUCtPtHTS 

1*0? 

?*H3 

**(-S 

0*07 

( 7 1 VM.0ClUt5 



9*“PLt U»»|TS 
**LUC 


.OOOOfc 00 

.ooooe 00 

. OHOPt HO 
.oo<»Pfc 00 
.HfioOt 00 
.oooot on 

.Onnnt 00 

.oopot oo 
.oonni oo 
* .poppf oo 
.oopOE OO 

.OOHOt 00 
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p/a pkoc»*** 

S»«**»OL 


»‘€SC»!PI!Ofi 


SAHPt E U*1T8 

V»Uit 


?*1» 






09 






.OOOOt 

o« 

OPT; 

C 

7) 

HACK XAI.UE PITCH MOD* DI3PIA 

.000*6 

to 





EHfUTS 



}«u 





.VtOOE 

00 

«ei7 





.80006 

00 






.POOOt' 

00 

«*»« 





.ooooe 

00 

2 * 2 * 





.ooooe 

00 

2*2 i 





.ooooe 

00 

2*2? 

••APf N«*C 

*» 




2*2% 







2*2* 







2*2 S 







?V4 







*"?7 







2*2* 







2*2* 







2*i* 







mi 

SHPTC 

( 


SHAFT I>AHPI*G MATRIX 

.0090E 

00 





(6,6) AMVAT 



2*12 





.ooooe 

00 

2*1% 





,00806 

00 

2*\ * 





.000#E 

00 

*HJS 





.oooot 

00 

20 Jo 





.OOoOt 

00 

2 *iJ 





.OOOOE 

00 

2*i* 





.oooot 

80 

2*i% 





•.00806 

00 

2**v 





.oooot 

00 

2*4 1 





.•moot 

On 

2*4? 





..moot 

00 

2*4% 





.80086 

00 

2*u* 





. oooot 

00 

2*u* 





,.)f>00t 

00 

2*4* 





. oooot 

00 

2**7 





.OoooE 

00 

2*** 





.oooot 

00 

2 *** 





.oooot 

no 

2**t 





.OOOOi 

on 

mi 





.oooot 

00 

2**2 





.oooot 

on 

2*$\ 





.oooot 

00 

2*S.| 





.oooot 

no 

28V» 





.OOOOE 

08 

m* 





# 0080F 

00 

28S7 





.oooot 

00 
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0/A P u OG°*'* 

UE SCRIPT W*i 

SA***tE 

Sf^rtOt 


VALUE 

zes* 


.00OOE 00 

2«S« 


.noAOE oa 

2**0 


.OOOOE OA 

2**1 


.fionO t OA 

2**2 


.annul «0 

/*•»* 


OA 



,i*«AOt 00 

i*h S 


.oonnfc 00 



.0001. OA 

2**1 • > 



it Jo* 



2*0* 



2*1* 



2*1 \ PPTO» ( 2») 

i»*na*1C Tu^SION hope SHAPE 

, OOOPt 00 

2*12 


.OOOOF 00 

2*1% 


.OOOOF 00 

2*1o 


,'JO0"t AO 

itSI * 


.noooE OA 

2*1* 


.itnnOE 00 

2*11 


.ll«AOE 0» 

f*lo 


.OOOOE »0 

2*1* 


.000«E 00 

2**0 


.0OOOF 00 

i’i'sI 


.oonrt oo 

2*02 


.OOrtOE 00 

2**\ 


.II00OE 00 

2** a 


.OOVPE 00 

2***i 


.on not oo 

2*** 


.i> 0 «U*f oo 

2*i-1 


-.•10<t0t Oo 

2*** 


.OOCH-t oil 

2**0 


,'in.mt 1)0 

2*00 


.nni.Pt oo 

2*o | •«nPfN**( «o 



2*'*2 



2**% 



2*o* 



2*o S 



?*">». 



/’O*/ 



20«A 



?r tqq ptpgo 

PHJ*iT F*>Eu. CONTHfli. COHSlAMT 

.5001E 01 

2 a o-i fiPP 

«0, OF SIGNALS TO PKJM 

.J10AE 02 


utns 


PP 


( •*(} ) Prf|*iT SIGNAL PCJ'iTEM T ApLE 


0700E 02 






TABLE 1. - 

Continued 




PW|>CMa*« 

*>l5»C*'l*'ttt>«i 


S«*«*tE UNITS 





V*Lut 





.«#00t 

02 






02 

2*0* 




.innof 

03 

2*0S 




. JOoOt 

01 

P««* 




.lUIOt 

03 

7 




.OOOOt 

01 

poo" 




.snoot 

nt 

«?«u« 




.lopnt 

oj 

«f*»i •» 




.tnjot 

03 

?<»« i 




.I040t 

03 

p«ip 




.losni 

03 

p<»t3 




.I0*»ut 

03 





. M'70t 

03 

P«l«. 




.1040? 

03 

poln 




.lonot 

03 

20I? 




.1 |0«i| 

03 





.mot 

03 





.npot 

oj 

P*»Pn 




,n jot 

03 

?0P1 




.14001 

02 

p«p? 




.iSoot 

02 

?«pj 




.tsnot 

02 

POP* 




. 1 loOt 

03 

p«ps 




.I7pflt 

0? 

pop- 




. I600E 

•>2 

PVT 




. 1 Aunt 

02 

P*P* 




.lOftflt 

02 

pnpo 




.usnt 

OJ 

P«J" 




. Moot 

03 

P«*JI 




. I 1 7«.fc 

03 

P=>JP 




.oooot 

00 

P*JJ 




.oo.ioe 

•)U 

P*»J4 




.OOoOt 

0" 

P«JS 




,0"Oot 

no 

P*M6 




. 0 0 0 Of. 

00 

P«»J7 




.oOoot 

00 

P«jn 




.OOOOt 

00 

p*j*» 




.onott 

00 

P«40 




.oooot 

no 

PV4| 




.oooot 

00 

P«4p 




. OOpOt 

00 

?<»<*» 




.oooot 

on 

P«44 




.OilnOt 

00 

p<*<.*; 




.OOoot 

00 

?««.n 




.oooot. 

00 

P'JlT 




.or.ooe 

00 

?•*«« 




.oooot 

on 

PV44 

• «n®t’)»»( spj 





2«$o 





1 
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TABLE 1. - Concluded 


Pt'PC'U** l>TSC*'H'»IU* 

s»*h«h. 

?<»S1 

?'»5? 

i a %l 

?«■»« 

iP'jv 

?0.»l 

^ ! >oJ 

?»»P« 

?<»«.S 

?•»•>*. 

?*a1 

?«>«!• 

?o»»p 

^ ! ^f0 

*V7| 

?•»*? 

*<»7* 

?«;s 

ill's 

i**n 

?»7* 

iOlt 

i<*i*n 

i**l 

e»ni 

,?*>■*«> 

iQ*l 

2°!jA 

<?<*»>p 

*«»«*« 

?«<<* 

t’WS 

/«!. 

?<»<»,; 

JOQO 

SQvu 


S*PPlt UNITS 

VM.UC 
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TABLE 2. - RELATIVE ADDRESS REVERSE DIRECTORY 


At* 


issz 

I 

OFIO 

u 

»«»H 


1 *7* 

l 

l»FOCA 

155 

ALFA 


2*4 1 

1 

UBPMG 

1 2 b 5 

ALPHA 


s* 

1 

n»E 0 

271 

AOTK 


2o«S 

l 

i*net 

272 

aping 


2b*1 

l 

UPF 

2*01 

A t Tw 


77 

i 

opro 

2*0* 

H 


2b*b 

t 

UPF 2 

2*15 

MET 


AM 

1 

UPTH 

251 

Pf T A 


W»« 

1 

UPt'OO 

J5 

ME TAB 


125 

i 

USPGJ 

I3bl 

hf AS 


127<) 

i 

DSUF 

2«*7 

Ml 


S*«l 

l 

'>/F‘«H( 1 ) 

- API 

HLAOA 


I2«1 

t 

D7F*'M2> 

09? 


y 

7#l 

i 


UP4 


»p 

*«’l 


l'/»*Mhf | ) 

095 

***3*1 

/ 

7*1 

f 


49o 


t? 

*2f 

I 

4) 

097 

mmSM2 

Y 

M<l| 

I 

E 

U* 

MMSV 

y» 

M*| 

1 

t «' 1 T 

109 


Z 

nn| 

i 

E-^up/Z 

92 

HVgM p 

ZP 

9t/| 

1 

Ef-UMP* 

lotto 

M»S*A 

» 

92 1 

l 

LTaE 

10b 

H^bM 

TP 

96 1 

I 

EomT 

94 

M M SMj 

z 

94 | 

I 

EkmTO 

95 

MMSM 

z? 

9*1 

1 

FacTp 

2559 

HTIP 


JMO 

l 

FhLM||,I 

275 

cn 


2o61 

1 

FHl'*l 1 ,2 

277 

COOTS 


Qvi 

l 

FMLPIZ.I 

276 

CFH 


1**5 

l 

FPL V I?#2 

27* 

TFLT 


1251 

I 

C *L M 21 , 1 

279 

CMf 


1 IP 

l 

FM|. M 2I ,2 

2*1 

CL 


2o2| 

l 

FMC 1 

2*0 

Cl*GI 


J70 

l 

FHLp22,2 

2*2 

CLA'i? 


5 7 1 

l 

F ML *■' J 1 , 1 

2*5 

CLATH 


2«.*S 

T 

FMf'Jl ,2 

2*5 

CM 


?»■»! 

1 

F*L M J2, 1 

2*4 

C«>‘iA 


12M 

I 

f ML f, J2,2 

2*o 



110 

I 

fmluc 

12* 

CPMJSM 

J7» 

1 

FCF 

111 

CTMDSP 

J79 

I 

fcg 

no 

CTV|« 


t25o 

I 

MliuLt 

1 490 

CUTUUf 

26** 

1 

Fa r« 

100 

Cvf 


1321 

1 

FLPTh 

7.>l 

CWM 


1551 

I 

F«a5S 

91 

CWP 


1501 

I 

F ' 'i 

0 4 1 

CWl*G 


?b*2 

I 

FMMCO 

071 

CTCFLC 

IT* 

I 

FIINCP 

mi 

ClFMO 


1252 

I 

FxwMT 

1 77o 

HAtLO 


ij 

1 

FiFmIU 

1291 

p.if as 


129 

I 

r *w/ 

1751 

IIMPTh 


b'M 

1 

BA INAL 

*9 

DC V M 


IZSo 

1 

<;ainc 

Mb 

I'ELCn 


i is<i 

I 

gatnfl 

nl 

t'El.Z0» 

tO?9 

I 

GMfKO 

VO 


BaJmTw 

PH 

1 

HFLFS 

1*12 

gamma 

1 268 

1 

KlMTFJ 

1944 

GAMMA 

63 

1 

k!«F$ 

1993 

GASTUP 

127b 

I 

KPFS 

199* 

GASltlP 

1277 

I 

aPh 

14*7 

GHF Mi 

I47A 

T 

A PMC ON 

376 

grtf 

1*73 

I 

KRUDFS 

.19** 

B«Tk 

I 475 

T 

kTmcON 

377 

h 

93 

I 

aTmfs 

19*9 

M|)H 

J9M 

I 

AIT 

13*5 

HF 

96 

I 

FlO 

1 346 

M9ASS 

Sbb 

T 

a t*f; 

19*7 

HP 

1353 

T 

AXLF3 

1 9* 3 

“SIC 

2301 

1 

Kttf S 

i960 

M|UIM 

7oi 

I 

A1PRM 

593 

H |W 

1 Jo* 

1 

A2PPM 

544 

mvT 

103 

I 

LAMTR 

10* 

1MAFLG 

1257 

1 

lmt 

lot 

IF’I 

2 

I 

LMTll 

m 

I "2 

3 

I 

LIT 

102 

l w 3 

4 

1 

MATGEN 

31 

IPMUHN 

14*0 

1 

MAIPItT 

46 

IPLUT 

0* 

I 

HA/ 

51 

1 PRINT 

49 

I 

Bh 

• 1 

IPll jCm 

47 

1 

MHP 

5 

IbTALL 

2555 

T 

NC 

37 

IS»P 

45 

I 

NMSIG 

2300 

1 51 

9 

T 

NHT 

121 

132 

to 

1 

MMtll 

1 22 

154 

1 1 

I 

HMP 

ISO 

Tb* 

12 

1 

NPP 

2900 

1 55 

13 

t 

KPT 

6 

IS* 

to 

I 

IJM 

IS 

I AXtNG 

1471 

T 

SHAD 

49* 

1 A AF 

1461 

1 

NWf F 

* 

I A A SP 

361 

I 

NSAVE 

43 

I AX T 

2535 

T 

5SIGNALS 

1500 

1 XTF 

1 4f>4 

I 

MSP 

7 

I X T T 

253* 

I 

•tv AM 

300 

I X/F 

1465 

I 

NVtC 

1601 

I * 2 T 

2539 

I 

MV 1 

120 

1 YYF 

146? 

I 

OMFGR 

52 

r tt t 

25 Jo 

1 

P W t F t 

32* 

ItyT« 

1472 

I 

PCl»A* 

30 3 

l>7F 

|46b 

1 

PCOFL 

390 

I > ?T 

25oo 

t 

PCLA* 

3«4 

'll* 

1463 

T 

PfLFL 

3« 1 

tZ/M 

1 46* 

I 

PC* AW 

395 

IZZSP 

11* 

I 

PC«FL 

392 

IZ7T 

2537 

I 

PO HEF I 

334 

JETCyC 

64 

I 

POOH I 

J9 

AAFH'i 

44 

I 

PC. Ft 1 

40 

AAlLFS 

19*6 

I 

PI) I M I 

42 

aomf a 

1 99| 

r 

PI'IMI 

41 

FtlFS 

1 9P5 

i 

POP T 

57 

ORIGINAL PAGE 

IS 



OF POOR QUALITY 



TABLE 2. - Concluded 


I 

PF«A 

3«l 

1 

■msT t> 

321 

I 

Tauyc 


2 <*j 

I 

2 F*A« 

37* 

• 

A 

PF. F L 

381 

I 

oospt 1 

Son 

I 

ten 1 


2*7 

I 

2 «il 

1*1 

I 

Pfc H J 

l**? 

I 

iJi'SPl i 

3<iS 

I 

Tee?! 


?** 

T 

7 JUG 

1**2 

I 

PfMlH. 


T 

s 

309 

I 

TC13J 


?*9 

1 

2 SP* 

1*69 

I 

Pf-» !» 

3»S 

I 

•t i «•# 

tjT 

1 

TC(4) 


?O 0 

I 



1 

VF«t« 


I 

*if •>«!,. 

73 

I 

lr.(S) 


2 °! 

I 



! 

w,*Jt 

S « 

T 


1 37 

I 

TCT 


1 4(1 J 

I 



I 

Pm? U fcF 

12«>9 

I 

***i;i 2 

140 

I 

TCUt 


u 

I 



I 

P*l/S 

?Sol 

1 

UuXCS 

123 

I 

Tnf T K 0 


3* 

! 



r 

P|“K 

ct> 

I 

u« yCS 

12 « 

I 

ThI»h 


?1 1 

! 



i 

pp'-m 

7? 

1 

«<«• 

Sul 

l 

ThTijks 


2001 

I 



i 

pjfi 

2S7| 

r 

US! 1 

310 

! 

Isl/S 


2 Sp? 

T 



i 

PJ1M1 

2S7* 

i 

•■■S 1 • 2 

311 

1 

TH1 


*s 

I 



i 

P I ifWj 

>S**s 

i 

uS! 3 

31? 

I 

T^ASS 


2S3I 

I 



i 

pp 

2 ->>l 

i 

US! 4 

313 

I 

Tll«t 


1 ?7 

1 



i 

PPTOw 

?P7| 

T 

■iST S 

314 

I 

ti'PFLC 


1497 

I 



i 

pot Nr. 

<,Oi 

l 

US! *> 

31S 

I 

T CiWk 


t?(> 

I 



i 

Pwfliv 

S"? 

l 

'ISP! 1 

301 

I 

J PM 


10 PA 

I 



i 

PBC 1 

Vj 

1 

US'’! 2 

3u2 

• 

ft 

IPW(| ) 


IPS 

I 



i 

PS')H 

3-»7 

I 

ujot 3 

30 3 

! 

TPV(i) 


1 4ft 

I 



i 

PSITM 

f> ! * 1 

I 

H 

fil 

I 

TPW(ij 


147 

1 



i 

PS1/S 

2S9 3 

I 

u wf F I 

33o 

1 

TSCLF 


?9P 

T 



i 

p$Th« 

K-t 

I 

ulUC 

«37 

1 

TSTuP 


1491, 

1 



i 

usvih 

3«o 

? 

MMtrC 

434 

I 

TilPiiLF 


l«3 

I 



i 

PT 

IM 

I 

>*C T H 

231 
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3- 1 * Program Operation Via Input 

The following is a narrative guide to the inputs listed in Section 3.3. 
The input data are discussed in logical groups which bring out the inter- 
relationship of the various inputs as well as giving details as to the nature 
of each input. 

The program has two modes of operation: TRIM and FLY. In both cases 

the equations of motion are solved in the time domain. In TRIM the user 
specifies the flight condition by giving the trajectory velocity, the air 
density, the load factor, and other essential data. TRIM directly controls 
the main rotor collective, the main rotor cyclic input, the tail rotor 
collective, the fuselage angle of attack, and the bank an^le (or whatever 
combination of trim variables are specified by the trim algorithm), and 
adjusts their value until the trim criteria are satisfied. The vehicle is 
usually understood to be trimmed when the mean value of the accelerations 
of the degrees of freedom approach 2 ero. Vibratory components of IP, 2P, 
etc., are allowed in all the degrees of freedom. TRIM can be conducted 
to any nonsteady flight condition, but the need has not arisen. 

In FLY all the degrees of freedom selected are operative. Typically 
some of the degrees of freedom involving high-frequency modes are locked out, 
especially swashplate and dynamic torsion or dynamic pitch horn bending. 
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3.^.1 Case Identification . - Case identification consists of a case I.D. 
and two title cards. The case I.D. and titles will appear on the printed 
output for identification. The case I.D., a title, and the date will appear 
on each frame of the graphic output. The case I.D. consists of up to 8 alpha- 
numeric characters input beginning in column 9 of each CASE control card. 

Title character strings are input via a special 6000 series set of RA's, 

Table 3. Each fharacter string is 60 characters beginning in colunn 11. 


TABLE 3. - CASE IDENTIFICATION 

Input Quantity 

Address 

Title 1 Print Title #1 

6001 

Title 2 Print Title #2 

6002 

Title 3 Plot Title 

6003 

Title 4 (Not currently used) 

6004 
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3. ^.2 Case initialization 


3*^*2. 1 Integration and duration control . - Trajectory integration and dura- 
tion are controlled by the input parameters in Table U. 


TABLE k. - INTEGRATION AND DURATION CONTROL 


Input Quantity 

Address 


OMEGR 

Initial main rotor speed, rad/sec 

52 

N az 

NAZ 

No. cf time points per revolution 

51 


TFT 

Maximum number of revolutions to trim 

36 


TSTOP 

I -ight stop time, sec 

1 L 98 



Trim can be bypassed by an input of TCUT =0. If trim is to be activated; 
i.e., TCUT # 0, then TCUT will serve as a backup to the trim convergence test. 
The maximum t tr j m is then 


N • At • TCUT 
az 


The time to fly, t^^= TSTOP and can be zero if trim only is desired. 

3.U.2.2 Atmospheric data. - The atmosphere model is minimal. A constant 
air density is assumed. Air data conditions required are given in Table 5. 
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TABLE 5. - AIR DATA COBDITIQiS j 

Input Quantity 

Address 

V 

s 

SS 

speed of sound, m/s (ft/sec) 

1291 

9 

RHO 

atmosphere density, kg/a^ 
(slugi./ft^) 

109 

h 

H 

altitude, m (ft) 

93 


The altitude input is required to define a ground effect function. This 
function can be ignored by setting the altitude to some large value such as 
1000 ft. An input of zero is not acceptable. 

3.t.2. 3 Trajectory orientation . - Trajectory and body orientation must be 
initialized. The required parameters are presented in Table 6. Earth azimuth, 
is assumed zero and not included in the problem. Pitch attitude, 0 g , will 
be computed in the program. See Figure U for reference. 



TABLE 6 

. - TRAJECTORY 0RIEKTATI0B PARAMETERS 


Input Quantity 

Address 

V T 

VT 

Trajectory velocity, m/s (knots) 

62 

^F 

BET 

Sideslip angle, deg, ♦ RT 

38 

a F 

ALPHA 

Angle of attack, deg, ♦ N UP 

58 

y f 

GAMMA 

Flight path angle, deg, ♦ climb 

63 

♦e 

PHIE 

Bank angle, deg, + RT 

59 
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Figure 1*. - Wind-earth- reference orientation. 
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Speed, V«j>, and, sideslip angle, pp, will remain fixed as input but nay 
vary during the fly computation. The other angles either remain fixed, or are 
initial conditions for the trim iteration procedure which is covered in 
Section 3. fe.3. 

The fuselage velocity vector, end thus the reference vector are 


v f = V T sin p p 

U f * (V T 2 " v F 2)1/2 008 °F 
V f “ (V T 2 " v F 2)1/2 Sin °Y 

The vehicle fuselage rates are determined by the following equations 
during tris?: 

Pf * - *E Si ” ®E 

* +E cos ®E Si ” ®E 
r f = C0S C0S ®E 

where the yaw velocity is determined by the relation 


4V = Y“K(n 2 - 1) 1/2 
t v T 


n and K are inputs (Table 7) and determine *j<£. 


TABLE 7. - TURN INPUTS 

Input Quantity 

Address 

n TURNLF Turn load factor 

U3 

K TURNSN Turn direction indicator. +1, right; -1, left. 

1M 










formal inputs for the load factor and turn sign are 


n « 1 


and 


K - 1, 


giving unaccelerated flight. 

3.U.2.1* Syst ax definition . - The generali red coordinate system is defined for 
each ease by a small set of input indicators. These indicators and required 
relationships for program control are described beJov. 

Generalised co-ord selection . - The elements of the generalized co-ord vector 
are determined by the user via input. The total system consists of subsystems 
which will be identified with some physical entity. 


w * 

KTOTL x 1 


1 * 81,1 

NpI 

ees tses 

PrefI 

im" 


Each subsystem can be optionally included by proper identification at the sub- 
system level or in some cases, at the coordinate level, i.e., the selection of 
coordinates within a subsystem can be made. Required inputs and associated 
relationships are presented below. 

Blade Subsystem 

Quantity Description 


# of main rotor blades 0 s < T 

= 1 indicates presence of bending mode # 1 

* 0 indicates absence 
Bending mode #2 indicator 


Ingut 

KB 

IM1 

IM2 
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Input 

Quantity 

Description 

IM3 


Bending Mode #3 indicator 

NB? 

V 

Pitch horn bending indication (elastic feathering) 

HPT 


Dynamic torsion indicator 


Relationships 

Total number of bending modes per blade, H^. 

NMB = I HI + IM2 ♦ IM3; 

0 < HMB < 3 

Tot*l number of modes per blade, S B . 

NM * HMB ♦ KMP ♦ HPT 

0 s NBP ♦ HPT s 1 (mutually exclusive) 
0 5 NM < U 

Total number of co-crd in the blade subsystem, N^g. 

KBS = NB • NM 



Svashplate Subsystem { 4 , 0, z| sp 

Input Quantity Description 

HSP Ngp number of svashplate coordinates 

Relationships 

Special values identify specific subsets. 

Ngp = 0 — no svashplate generalized coordinates 
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Reference Subsystem 


HREF Sp K ,y number of reference coordinates 
®REF “ °* ^ 

{«ref} s { x ’ y * z * ••♦}bef 

Shaft Subsystem 

All 6 shaft coordinates , {x, y, z» ®* 4»}g are independently 
selectable. 

Input Quantity Description 

151 x_ shaft degrees of freedom 

w 

152 y s 

153 Zg 
ISU * s 

iss e s 

IS6 «|ig 

A value of 0 means exclude 
A value of 1 means include 
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Relationships 


Total number of shaft coordinates, K g : 


KS * IS1 ♦ IS2 ♦ IS3 +■ ISU + IS5 ♦ IS6 
Rotor Subsystem 

Input Quantity Description 

NR N r number of rotor coordinates; 0 < N R < 1 

Total number of generalized coordinates, 

NTOTL * NBS + NSP ♦ NS ♦ HREF ♦ HR 


0 £ N_„ T < UU 

TOTL 


Subsystem vector locations within generalized vector are 


LBS - 1 

L SP = Ss + n bs 

LS L g = L gp + N sp 

LREF W = L s + N s 

^ l r = l ref + n ref 

The required inputs are summarized in Table 8. 
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TABLE 8 


. - DEGREE OF FREEDOM FLAGS 



Input Quantity 

Address 

MB 

Number of rotor blades 

1 

Da ) 

1 

2 

I M2 ! 

► Blade mode enable flags, = 1. on, * 0. off 

3 

DO J 

1 

4 

HBP 

Pitch horn bending flag 

5 

NPT 

Blade torsion flag 

6 

NSP 

Svashplate motion selector 

7 

IS1 1 


9 


) 

10 

IS3 I 
IS 4 | 

) Shaft bending mode select flags; = 1. on, * 0. off 

11 

12 

IS5 


13 

IS6 t 

1 

14 

HR 

Rotor speed variable flag; = 1. on, = 0. off (except 
for differential from PSITB, RA (64l-66l)) 

15 

NREF 

Reference axes set select; - 6. on, =0. off 

8 


3. 4.2. 5 Subsystem initialization . - The reference set initial conditions are 
summarized in Table 9- Normally only the acceleration due to gravity 
RA(333) * -32.174 (conventional units) need be entered. The rate information 
is somewhat superfluous, however, these RA locations are part of a trim save 
and restart procedure, and are, therefore, listed for completeness . 

Initial conditions for the shaft and svashplate generalized coordinates, 
velocities and accelerations are listed in Table 10. If these degrees of 
freedom are to be used, estimates of deflections should be entered to minimize 
startup transients. Similar inputs for blade modes and blade rotary mount 
representations are also included in this table. Normally only the deflection 
modal data are input. Again, the RA locations are part of the trim save and 
restart, therefore, the time derivatives are also listed. 
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TABLE 9. - INITIAL REFERENCE 


DATA 


Input Quantity 

Address 

PRF 

Initial reference roll rate, rad/sec 

328 

QjRF 

Initial reference pitch rate, rad/sec 

329 

RRF 

Initial reference yav rate, rad/sec 

330 

PDRF 

2 

Initial reference roll acceleration, rad/sec 

33U 

QDRF 

2 

Initial ref e pitch acceleration, rad/sec 

335 

RDRF 

2 

Initial reference yaw acceleration, rad/sec 

336 

XDDORF 

2 

Initial longitudinal reference acceleration, m/s 

(ft/sec 2 ), (+) fwd 

' 331 

YDDORF 

Initial lateral reference acceleration, a/s 2 
(ft/sec 2 ), (+) right 

332 

2DDORF 

Initial vertical reference acceleration, m/s^ 
(ft/sec ), (+) down 

333 


TABLE 10. - SWASHPLATE, SHAFT AND BLADE INITIAL CONDITIONS 



Input Quantity 

Address 

QSPI(3) 

Swashplate $, 6, z initial conditions 

301-303 

QDSPI(3) 

Swashplate rate initial conditions 

30fc-306 

QDDSPI(3) 

Swashplate acceleration initial conditions 

307-309 

051(6) 

Shaft initial conditions, (XYZ$0+) s 

310-319 

QDSI(6) 

Shaft rate initial conditions 

316-321 

QDDS I ( 6 ) 

Shaft acceleration initial conditions 

322-327 

1(3,7)* 

Blade bending mode shape initial conditions 

2lUl-2l6l 

YD( 3,7 ) 

Blade bending mode shape velocity initial 
conditions 

2162-2182 


•The first index is the mode number. The second index is the blade number. 












TABLE 10. - Concluded 



Input Quantity 

Address 

YDD(3,7) 

Blade bending mode shape acceleration initial 
conditions 

2183-2203 

PTIN(7) 

Dynamic torsion initial deflection, rad 

2501-2507 

PTI»D(7) 

Dynamic torsion initial rate, rad/sec 

2508-2514 

PTINDD(7) 

2 

Dynamic torsion initial acceleration, rad/soc 

2515-2521 

PxN(7) 

Dynamic pitch horn bending, rad 

2571-2577 

PI!iD(7) 

Dynamic pitch horn bending rate, rad/sec 

2578-2584 

PINDD(7) 

2 

Dynamic pitch horn bending acceleration, rad/sec 

2585-2591 

DPF( 7 ) 

Quasi-rteady pitch horn bending, rad 

2801-2807 

DPFD(7) 

Quasi-steady pitch horn bending rate, rad/sec 

2808-2814 

DPF2(7) 

Back valve quasi steady pitch horn bending, rad 

2815-2821 

THTORS(20,7) Quasi steady torsion initial spanvise distribution 
per blade* rad 

2001-2140 
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3. U.2.6 Control initialization . - The pilot input controls may also be 
Initialized to reduce start transients and shorten trim tine. These inputs 
are given in Table 11. The units of the listed quantities is a function of 
the control scaling factors given in Section 3.1*.lU. Normally the control 
inputs will be in percent of full throw, but actual deflections such as feet, 
centimeters, degrees, etc., can be used. 



TABLE 11. - CONTROL INITIALIZATION 



Input Quantity 

Address 

PXCT 

Longitudinal cyclic stick input, (+) aft 

53 

PYCT 

Lateral cyclic stick input, (+) right 


PRCT 

Rudder pedals (♦) right forward 

55 

PTHOT 

Collective, (+) up 

56 

PDPT 

Thrustor power lever, (♦) increase RFM 

57 

PDDB1 

Dive brake setting, {+) extend 

39 

PDFLI 

Flap setting, (+) extend 

LO 

PDIWI 

Wing incidence setting, (+) nose up from airframe 
aero data reference setting 

kl 

PDIHI 

Lower horizontal tail incidence setting, (+) nose up 
from aero data reference setting 

U2 
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3.1».2.7 Inflow/ dovnwash Initialization . - Main rotor downwash functions may 
be input to begin calculations under favorable conditions. These values are 
calculated using differential equations. Therefore tine derivatives are also 
input. Note WIMR is a divisor to the program, and as such a nonzero entry 
must be provided. An initial tail rotor downwash can also be input. These 
inputs are summarized in Table 12. 

The tail rotor downwash and flap angle functions are modeled in REXOR II 
with lag equations of the form 


n+1 

w 


-dt/r v n 
e + 


(1 - e’ dt/T ) f (v n ) 


Ihese equations require time constant, t. 

The lag equation time constants are required for both physical realism 
and program numerical stability. See Table 13* 


TABLE 12. - INFLOW DATA 

Input Quantity 

Address 

WIMR 

Vertical downwash 

+DN 

65 

PIMR 

Roll downwash 

+RT 

66 

QIMR 

Pitch downwash 

+N UP 

67 

WITR 

Tail rotor downwash 

78 

WIMRD 

Vertical downwash 

time derivative 

71 

1TMRD 

Roll downwash time 

derivative 

72 

QIMRD 

Pitch downwash time derivative 

73 


TABLE 1 3.^: TIME LAG COHSTAMTS 1 

Input Quantity 

- . . 

Address 

TC(l) t for downwash functions during trim 

267 

TC(2) t for downwash functions during fly 

2 68 

TC( 3) t for tail rotor flap angle function 

269 
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3.1*. 3 Trim algorithm . - The trimming process in REXOR II establishes & set 
of initialized data for the equations <" A motion prior to entering the free 
flight, maneuvering input phase of the program known as FLY. Seme groups of 
degrees of freedom operate the same in TRIM or FLY. They, in effect, seek 
their own equilibrium state during the trimming phase of operation. Active 
blade, svashplate, and shaft degrees of freedom comprise this category. 

The remaining initialization values, are controlled by a set of temporary 
servo loop closures which form a specialized autopilot during TRIM. 

The following operations occur during TRIM. 

1. The flight path (velocity data) is preset as a function of user 
input, integrated flight path acceleration information is not used. 

2. An array of signals (acceleration;. moments, forces, etc.) selected 
by the user is measured against a of target values (also user 
input) to determine a set of error signals. 

3. A set of physical controls and/or model parameters, selected by the 
user, are varied according to coupling gains from the error signals 
of Ptep 2. A one to one relation exists between the elements of 2, 
the coupling gains (user input) and the elements of 3. 

k. Trimming continues until all the elements of Step 3 are simultaneously 
within an activity band set of tolerances determined by the user. 

The conditions forming Step 1 are described in Section 3.4.2. The infor- 
mation groups required by Step 2 through 4 are summarized in Table Ik. 


TABLE 14. - TRIM ALGORITHM SELECTION 

Input Quantity 

Address 

NC 

Number of variables to be controlled in Trimming 

37 

CVP(IO) 

Identifier list of controls and variables to be 
moved to achieve trim. 

1301-1310 

FUNCP(lO) 

Identifier list of quantities to be used as trim 
error signals listed in order of pairing with 
CVP candidates 

1311-1320 

CVE(lO) 

Trim convergence tolerance test limits of CVP 
candidates from one rotor cycle to next. Listed 
in order defined by CVF. 

1321-1330 


Il4 








TABLE lb. - Concluded 

Input Quantity 

Address 

CVK(xO) 

Loop gains fcr pairing of FUNCP signals operating 
on CVP candidates. 

1331-13U0 

FUIfCD(lO) 

Zero trim error levels of candidate signals, 
FUNCP. (Usually zero) 

671-680 


Simply stated, trim is a state of system equilibrium. The function of 
the trim segment of the program i;. to reach that state. Pilot controls, 
vehicle attitude, and other system unknowns are determined such that starting 
boundary conditions are met by the equations of motion usir.g a repeating solu- 
tion. The appropriate values of the problem unknown are determined iteratively 
by an algorithm of the form 


Vi * - f » (e,1Cdt 

f o ( 8 ) = e ~ot ,t L/ „ s 


where the subscript n denotes the nth computation point. Assuming a functional 
relationship between g and X, the above control relationship can be used to 
determine the value of X such that g = 0 or other desired final value. Within 
REXOR II it has not been found necessary to consider the controls and accelera- 
tions as a system. Independent relationships are assumed. Trim signals thus 
can be matcned one to one with a control input. For example, vertical accel- 
eration can be controlled by main rotor collective. Before proceeding, notice 
that there are two parameters in the control equation, namely t and K, which 
can be used to control convergence. The K's are input parameters to REXOR II. 
Experience has shown that tau, should be set such that the ratio dt/T re- 

mains a constant and near a value of 0.3. This ratio is internally set in the 
program. K is considered a gain factor and particular to the variables 'm-clved. 

The array C’T(lO) controls the selection of trim controls and varia'i .-s. 

The available list of candidates is given in Table 15. Note that in REXOR II 
there is no preset grouping of controlled and controlling variables. 

Usually 6 variables are controlled in trim, and this number is set in NC. 
Then a like number of candidates must be selected from Table 15 and entered in 
the CVP array. This array must be thought out so that it does not over-specify 
(over determine) or under specify a trim state contemplated. Also mutually con- 
tradictory selections are to be guarded against. 


115 




TABLE 15- - TRIM CONTROL CANDIDATES 
(For Use in CVP and FUHCP Vectors) 

Value «l. 

Fuselage linear forward acceleration, dp 

■2. 

Fuselage linear lateral acceleration, vy 

*3- 

Fuselage linear vertical acceleration, »p 

*1*. 

Fuselage roll acceleration , p 

=5- 

Fuselage pitcc acceleration, <jp 

*6. 

Fuselage yav acceleration, r„ 

a 

*7. 

Fuselage roll earth attitude, 

=8- 

Longitudinal cyclic stick input , % x _ 

c»* 

*9- 

Lateral cyclic stick input, 5 Y „ 

C * A 

=10. 

Rudder pedals input, J „ 

■11. 

Collective input, 5 6 „ 

0,1 

=12. 

Thrust power lever setting, % S m 

*13- 

Fuselage angle of attack. Op 

-It. 

Fuselage clinb angle, 

=15- 

Rotor drive engine torque, ENDMZZ 

= 16 . 

Rotor speed acceleration, 

=17. 

Rotor torque, F- 
y R 

=18. 

Hub lateral nonent, M, 

=19- 

Hub longitudinal nonent , 

=20. 

Rotor lift, F 7 

44 
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Next the list of trim error signals FUHCP is considered. Again note that 
the CVP and FIB CP (as veil as the other vectors of Table lM must hold a one 
to (me ordering. Table 15 also lists the signals for this use. 

Usually the trim end values associated vith these FUHCP selections are 
zero. These are entered in the FUNCD array. However in the case of moments 
and lift, a nonzero entry will most likely be called for. 

The selection of tria gains for the CVK array is by in large an open sub- 
ject. Experience and similar, successful cases are the best guide. A trim 
gain too high causes a convergence failure, a value too low wastes computer 
time. 


The usual procedure is to make a guesstimate of the value based on past 
experience and observe the trim time-history plot. The gain can be increased 
on slow- to- tria variables, and decreased on those that appear to be oscillating 
or following the vibratory component of the accelerations as veil as the mean. 

The trim loop has a built in negative feedback sign. Thus if a plus CVP 
quantity response is correct for a plus going FUHCP quantity, then the corre- 
sponding CVK quantity should be minus. 

Trim convergence is controlled by a set of simple convergence tests, all 
of which must be simultaneously satisfied. Movement f the controls, CVP vector, 
(quiescence) is monitored rather than relative zero tests on the accelerations. 
Control parameters are compared after every revolution. 

The convergence numbers are set in the CVE vector. Ho hard and fast 
rules exist as to vhat constitutes a good or a bad trim. A starting guide is 
given in Table 16. Rote that the cyclic convergence is given in terms of fixed 
units quantity, namely blade angle. The conversion to stick input tolerances 
(user input) is a function of the control scaling inputs (described in Sec- 
tion 3.^.1^). Likevise horizontal acceleration and/or thrust control settings 
can be derived from the fuselage longitudinal force tolerance number. 


TABLE 16. - TRIM CONVERGENCE GUIDE 
(Prime denotes value one revolution from unprimed value) 

\'h - M * 10 - 

K ■ p pi * °- 001 

l A is - A is| < °-°° l 
Ks - B isl < °- 001 

IV - e o | <0 -° 01 
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TABLE 16. - Concluded 


•tb - S.I ‘O ' 001 


♦i -♦ E | <0 - 01 


Yf-Y F | <0.01 


ay - OpJ <Q where Q * 0.01 for autorotation 

Q = 0.001 otherwise 


Effort and computer tine can be reduced for repeated or similar cases 
by the use of an option known as trim save. The activation of IPUHCH = RA(U7) 
causes trim cards to be punched with values at the end of a successful trim. 
These trim cards in RA format may be used to initialize a case at similar 
conditions. They should be used with care to be sure the desired flight con- 
ditions are not being overridden by these trim save cards. 

Table 17 gives all of the addresses which will be punched if IPUHCH = 1. 
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Quantity 

Address 

PICT 


53 

PTCT 


5* 

PBCT 


55 

PTHOT 


56 

PDPT 


57 

ALPHA ) 

COHVEHTED FROM 

58 

PHIE > 

UTERHAL RADIAHS TO 

59 

GANNA ) 

DEGREES 

63 

warn 


65 

PDSt 


66 

QDCR 


67 

VDffiD 


71 

PBffiD 


T2 

QDffiD 


73 

Am 

COHVERTED TO DEGREES 

77 

wm 


78 

H 


93 

EHDMZZ 


92 

QSPI(3) 


301-302 

AT\mr»T f ■> \ 
*\ 


30l»-306 

QDDSPK3) 


307-309 

QSI(6) 


310-315 

qdsi(6) 


316-321 

QDDSPK6) 


322-327 

WRFI(3) 

(p» <1» 

328-330 

ARFI(3) 

(*» y, 'z)REF 

331-336 

CZERO 


1252 

THTORS(20, 7) 


20C1-21U0 

Y(3, 7) 


2li*l-2l6l 

YD(3, 7) 


2162-2182 

YDD(3, 7) 


2183-2203 

PTIH(7) 


2501-2507 

PTIHD(7) 


2508-251U 

PTIHDD(7 ) 


2515-2521 

PIH(7) 


2571-2577 

PIKD(7) 


2578-258U 

PIHDD(7) 


2585-2591 

DPF(7 ) 


2801-2807 

DPPD(7) 


2608-281U 

DPF2(7 ) 


2815-2821 
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3.H.U Flight simulation control . - Upon the successful completion of TRIM, 
cur reaching *TCUT revolutions, the FLY mode may be entered. During the FLY 
mode, the complete system of equations, as defined by the user, is integrated 
for a specified period of equivalent real time. A variety of control inputs 
may be exercised, and are discussed below. 

A pilot can be simulated with a time history of control displacements as 
inputs. The displacements can be those for a step, a pulse, etc., or the 
actual time history of the control displacements from flight tests. This 
input is only the incremental maneuvering input over and above that required 
for trim. The pilot controls are lateral and longitudinal stick position, 
main rotor collective angle, rudder pedals, thrust or setting, and rotor speed. 
The rotor speed input is operative only when the rotor speed degree of freedom 
is off. The vertical svashplate degree of freedom changes the pilot's collec- 
tive setting at the rotor, and a tail rotor damper changes the actual tail 
rotor collective from the pilot command. The pilot control conaands are input 
to the program in tabular form as a function of time. One table of time values 
is used in connection with all command tables. Additional control inputs are 
provided for divo brake and flap extension as veil as wing and lover horizontal 
tail incidence change. 

To illustrate the procedure consider Figure 5. Assume the desired data 
points for three functions, yi , yg, and are denoted by the circles. Each 
function is individually projected onto the time axis. Then the total set of 
time points is reprojected onto each function as A*s. The resultant time 
table vill be the total set of time points and values at the A's as veil as 
the 0's. All functions are linearly interpolated. Functions are evaluated 
as constant for times beyond the last time point, i.e., no extrapolation. A 
step function must be approximated with a ramp. More specifically, the table 
times must adhere to the relation 


t 

n 


n-1 


> dt 


where dt is the integration step size. If the second time table value is zero, 
then the program assumes no pilot inputs. The tables are restricted to 20 
points. The number of points used is required as an input. The controls and 
addresses are given in Table 18. 


120 



V 3 


Figure 5. - Pilot command data. 


In the equations that follow, the value of a function resulting from a 
pilot table lookup will be subscripted with a (P). The trimmed value of a 
control will be denoted with a subscript (T). 

The resultant main rotor collective is not only a function of pilot man- 
euvering and trim, but also swashplate motion. 


where e is the pitch horn arm. Note that Zgp and Zgp,T are made equal at the 
end of trim. 

If the rotor degree of freedom is not active, then a variable rotor speed 
can be simulated by inputting a differential speed in PSITB(20) as described 
above, resulting in the equation 



♦ a 


R 
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TABLE 18. - CONTROL INPUTS 



Input Quantity 

Address 

SKF 

Number of points in control tables 

150 

FT (20 

Pilot time table, sec 

151-170 

XCTB 

Pilot longitudinal stick displacement (+) aft 

171-190 

YCTB 

Pilot lateral stick displacement (+) right 

191-210 

THTAB(20) 

Pilot collective input (+} thrust 

211-230 

RCTB(20) 

Pilot rudder pedal input (+} right pedal forward 

231-250 

DPTB(20) 

Pilot thrustor input (*) thrust 

251-270 

PSITB(20) 

Pilot engine speed, rad/sec differential from 
nominal 

611-660 

FLPTB 

Flap extension, (+) down 

701-720 

WIPTB 

Wing incidence change, (+) nose up 

721-710 

KIPTB 

Lower horizontal tail incidence change, (+) nose up 

711-760 

DBPTB 

Dive brake extension, (+) outward 

681-700 


where 


« RA(52) 


Note that other than time and speed no units are given in the above table. 
This is because the input scaling factor selection Cection 3-l.ll determines 
these units. Generally factors are selected' so that pilot input data are in 
percent of full ccntrol travel. However scaling can be set to give conven- 
tional or SI control input functions. 
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3.^.5 Output options. - The user of REXOR II has in his control via input 
the definition and presentation option of signals generated by the program. 
Signal output includes printed time histories of selected signals, and graphic 
(CALCOMP) presentation of selected signals. Specified signals can also be 
harmonically analyzed. These options are discussed in paragraphs 3<b>5.1 
through 3.^.5.^. A modest amount of diagnostic print can also be activated. 
These capabilities are expanded in paragraph 3. **. 5. 5- Two useful data utility 
functions are also available. See paragraph 3.^. 5.6. 

3.**. 5.1 Output signal definition . - The data output philosophy of REXOR II is 
based on a signal generator-signal recorder concept. REXOR II generates sig- 
nals which are sampled and recorded with a time reference, for later use. 

The user has complete control of the definition of the signal set via the 
inputs presented in Table 19. Up to 200 signals can be drawn from unlabeled 
C0M40H within the program. There are 3000 quantities defined in unlabeled 
C01M0N. Unlabeled COMfOH is enumerated in Table 20. 


TABLE 19. - SIGNAL SELECTION CONTROL 

Input Quantity 

Address 

HSIG 

Number of signals to be recorded (up to 200). 

1500 

SL0C 

List of selected output signals identified by list num- 
ber from unlabeled COMMON table. 

1501-1700 

UC 

Table of output signal conversion factors. Matches 
SL0C items in same order. Zero default assumes unity 
factor. 

1001-1200 

NSAVE 

Number of integration steps per data sample. Default 
gives approx. 19 samples per main rotor revolution. 


PLAB 

Signal label table. 20 character maximum per signal 
label . 

5001-5200 
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TABLE 20. - OUTPUT SIGNAL SELECTION LIST 
(Unlabeled COMMON) 


Location 

Program Symbol 

Description 

1 

TIME 

Total trajectory time 

2 

DT 

Integration step 

3-52 

GC(50) 

Generalized coordinates 

53-102 

GCD(50) 

Generalized velocities 

103-152 

GCDD(50) 

Generalized accelerations 

153-182 

AUXE(30) 

Auxiliary integrator output vector 



where 

153 


*E 

154 


e E 

155 



156 


U REF 

157 


V R£F 

158 


V REF 

159 

160 


Lag integrator | 

>SAS Channel 1 
Washout integrator * 

161-170 


SAS channels 2-6 

171 

172 


^CS ) 

J. Cyclic stick time constant outputs 

Y cs> 

173 


*E J 

174 


'fg > Earth position 

175 


z_ ) 

176-182 

■ - —— — , — 

Elements not defined 
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TABLE 20. - Continued 

Location 

Program Symbol 

Description 

183-212 

auxd(3c; 

Auxiliary Integrator input vector 



where 

183 


*E 

18 U 


®E 

185 


+B 

186 


U REF 

187 


^REF 

1C; 


W REF 

189-2G0 


SAS function inputs 

201-202 


Cyclic stick filter inputs 

203 


*E 

20U 


*e 

205 


^E 

206-212 


Elements not defined 

213-233 

A(3,7) 

Blade modal deflection matrix 



where 

213 


Mode 1 - blade 1 deflection 

21U 


Mode 2 - blade 1 deflection 

215 


Mode 3 - blade 1 deflection 

216-218 


Blade 2 deflections 

219-221 


Blade 3 deflections 

222-22U 


Blade U deflections 

225-227 


Blade 5 deflections 
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TABLE 20. - Continued) 


Location 

Program Symbol 

Description 

228-230 

i 

Mode 3 - Blade 6 deflections 

231-233 


Blade 7 deflections 

23U-251* 

AD(3,7) 

Blade modal velocity matrix 



where 

23^ 


Mode 1 - blade 1 velocity 

235 


Mode 2 - blade 1 velocity 

236 


Mode 3 - blade 1 velocity 

237-239 


Blade 2 velocities 

2U0-2U2 


Blade 3 velocities 

2k 3-21*5 


Blade k velocities 

2k6-2k8 


Blade 5 velocities 

2U9-251 


Blade 6 velocities 

252-25 1 * 


Blade 7 velocities 

255-275 

ADD(3,7) 

Blade modal acceleration matrix 



where 

255 


Mode 1 - blade 1 acceleration 

256 


Mode 2 - blade 1 acceleration 

257 


Mode 3 - blade 1 acceleration 

258-260 


Blade 2 accelerations 

261-263 


Blade 3 accelerations 

26U-266 


Blade k accelerations 

267-269 


Blade 5 accelerations 
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TABLE 20. - Continued 


Location 

Program Symbol 

Description 

270-272 


Mode 3 - Blade 6 accelerations 

273-275 


Blade 7 accelerations 

276-282 

P(7) 

Dynamic pitch horn bending mode, blades 1-7 

283-289 

PD(7) 

Dynamic pitch horn bending rate, blades 1-7 

290-296 

PDD(7) 

Dynamic pitch horn bending acce? . , blades 1-7 

297-303 

PT(7) 

Dynamic torsion mode, blades 1-7 

304-310 

PDT(7) 

Dynamic torsion rate, blades 1-7 

311-317 

PDDT(7) 

Dynamic torsion acceleration, blades 1-7 

318 

PSIR 

4v. Rotor coordinate 
n 

319 

PSIDR 

*R 

320 

PSIDDR 


321 

PHSP 

<b 1 

^SP J 

322 

THSP 

0 ( Swashplate coordinates 

323 

ZSP 

Z £P J 

324 

PHDSP 

*SP 

325 

THDSP 

®SP 

326 

ZDSP 

^SP 

327 

PHDDSP 

*SP 

328 

THDDSP 

®SP 

329 

ZDDSP 

^SP 

330-335 

DISPS(6) 

Shaft displacement vector, (x y z $ 0 >W S 

336-31*1 

vels(6) 

Shaft velocity vector, (x y z 4> 6 4*) c 

O 

31*2-31*7 

ACCS{6) 

Shaft acceleration vector, (x y z 0 4*)g 
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TABLE 20. - Continued 

Location 

Program Symbol 

Description 

3U8-353 

disrf(6 ) 

Ref. displacement vector, (x y z $ 6 40 RF 

35^-359 

velrf(6 ) 

• * * 

Ref. velocity vector, (x y z ♦ ® 

360-365 

accrf(6 ) 

Ref. acceleration vector, (x y z 4> 6 40 R p 

366-368 

vhub( 3) 

Hub linear velocity, (u v w) H 

369-371 

VDKUB(3) 

Hub linear acceleration, (u v w)^ 

372-37U 

WHUB( 3) 

Hub angular velocity, (p q r)^ 

375-377 

WDHUB( 3) 

Hi’b angular acceleration, (p, q, r)„ 

378-380 

VFUS ( 3 ) 

Fuselage linear velocity, (u v w)^ 

381-383 

VDFUS( 3) 

Fuselage linear acceleration, (u v ir)p 

38U-386 

WFL'S'3) 

Fuselage angular velocity, (p q r)p 

387-389 

WDFUS( 3) 

Fuselage angular acceleration, (p q r)p 

390-392 

WSP(3) 

Svashplate angular velocity, (p q r)gp 

393-395 

WDSP(3) 

Swashplate angular acceleration, (p q r)gp 

396-398 

VR(3) 

Rotor linear velocity, (u v v)^ 

399-1*01 

VDR( 3) 

Rotor linear acceleration, (u v v)^ 

U02-40U 

WR(3) 

Rotor angular velocity, (p q r) R 

U05-U07 

WDR( 3) 

Rotor angular acceleration, (p q r)p 

U08-U10 

DMH(3) 

Location of hub relative to transmission 
mount 

UH-U13 

GRAVR ( 3 ) 

Gravity vector in rotor coordinates 
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TABLE 20. - Continued) 


location 

Program Symbol 

Description 

UlU-875 

F{66,7) 

Main rotor blade force and mass integral 
matrix. Refer to Vol II, SWEEP 1 routine for 
detailed definitions. Blade subsets are 

4l4-479 


Blade 1 functions 

480-545 

| 

Blade 2 functions 

546-611 

! 

j 

Blade 3 functions 

612-677 


Blade 4 functions 

678-71*3 

j 

Blade 5 functions 

71*4-809 


Blade 6 functions 

810-875 


Blade 7 functions 

876-882 

PHF(7) 

Feather angle, *" or blades 1-7 

883-889 

TFA(7) 

Feathering moment, blades 1-7 

890-939 

DELF ( 50 ) 

Generalized force vector, AF 

940-945 

QL0ADS(6) 

Total n' i-rotating aerodynamic loads 

946-957 

FR(12) 

Total rotor loads in rotating coordinates, 
FR(l) - FR(6); and FR(7)-FR(l2) are aero- 
dynamic loads only. 

958-969 

FF(12) 

Total rotor loads in non-rotating coordinates 
FF(l)-FF(6) ; and FF(7)-FF(l2) ar'„ aerodynamic 
loads only. 

970-975 

FN(6) 

Fixed surface aerodynamic loads in fuselage 
axes 

976-981 

fnw(6) 

Fixed surface aerodynamic loads in wind axes 

982-987 

ftr(6) 

Tail rotor aerodynamic loads 

98°-993 

fp(6) 

Thrustor loads 







TABLE 20. - Continued) 


Location 

Program Symbol 

Description 

99*1-1133 

X3V(20,7) 

X-shear center deflection for each blade 
station and blade 



where 

99*» -1013 


Blade 1 X-locations 

101^-1033 


Blade 2 X-locations 

1C3*»-1053 


Blade 3 X-locations 

105 **-107 3 


< Blade A X-locations 

107U-1093 


Blade 5 X-locations 

109*1-1013 


Blade 6 X-locations 

101^1033 


Blade 7 X-locations 

103*»-1273 

YSV(20,7) 

Y-shear center deflection for each blade 
station and blade 

127U-1U13 

ZSV(20,7) 

| 

Z-shear center deflection for each blade 
station and blade 

lUlU-1553 

YPS(20,7) 

Chordvise slope at each blade station and 
blade 

155^-1693 

ZPS(20,7) 

Flapvise slope at each blade station and 
blade 

169U-2533 

FSV(20,6,7) 

The force vector (Fy, Fy, F 2 , L, M, K) in 
blade element axes for each blade station and 
blade. Note, the first index is exhausted 
before the second is advanced, etc. 

253*»-2713 

STBLR(20,3,3) 

The 3X3 transformation matrix, blade ele- 
ment to blade, for each station 0 ' blade 1. 

271U-2853 

FUNSV(20,7) 

Seven functions are saved at each blade 
station for blade 1 



where 

271**-2733 


Angle 0 ** attack (radians) at each station 
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TABLE 20. - Continued 

Location 

Progran Symbol 

Description 

2734-2753 


F aero only at each station 

X 3LE 

F aero only at each station 

y BLE 

2754-2773 


2774-2793 


F aerc only at each station 

*BLE 

Blade c.g. chordwise deflections 

2794-2813 


2014-2033 


Blade c.g. flapvise deflectionc 

283*1-2653 


Running spanvise sua feathering torsion 

285* 

YFP1 

Feathering axis lag slope 

2055 

ZFP1 

Feathering axis flap slope 

2856 

YIS 

Lag deflection at blade cuff 

2057 

ZIS 

Flag deflection at blade cuff 

2858 

XCS 

Longitudinal cyclic stick displacement 

2859 

YCS 

Lateral cyclic stick displacement 

2860 

XCSD 

| 

Longitudinal cyclic stick rate 

2861 

YCSD 

Lateral cyclic stick rate 

2862 

DEL 

6 Elevator deflection 

Ciij 

2863 

KAIL 

Aileron deflection 

AIL 

2864 

DRUD 

“'RUD ® ud< * er deflection 

2865 

DP 

6 n Thrustor power level setting 

A 

2866 

DDB 

Dive brake angle 

iJD 

2367 

DFL 

6 Flap extension 
t L 

2868 

DIW 

Wing incidence angle 


2869 DIHT 6 Horizontal tail incidence angle 

Ini 
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TABLE 20. - Continued 



Description 

B 0 Main rctor collective angle 

8„ Tail rotor collective angle 
°TR 

Auxiliary output vector. The defined ele- 
ments are identified belov. See Vol II, 

AUXOUT routine for detailed definitions. 

Trajectory velocity, knots 

Reference angle of attack, deg 

Reference sideslip angle, deg 

Reference climb angle, deg 

Longitudinal cycle, deg 

Lateral cyclic, deg 

| 

Collective main rotor induced velocity 

Lateral induced velocity 

Longitudinal induced velocity 

Tail rotor induced velocity 

R<- or drive engine torque 

Altitude above reference 

Blade 1 span force at 25? R 

Blade 1 inplar.e shear at 25?- R 

Blade 1 flap shear at 25% R 

Blade 1 torsion at 25% R 

Blade 1 flap moment at 25? R 

Blade 1 inplane moment at 25% R 

Blade 1 torsion, aero only at 25? R 
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TABLE 20. - Concluded 

Location 

Program Symbol 

Description 

2691-2897 


Same 7 functions as above at 50? R 

2898-290A 


Same 7 functions as above at 75? R 

290U-3000 


Future expansion 


Quantities are chosen fro® unlabeled COMMON by number and entered in the 
signal location table, SLOC. Up to 203 signals can be defined The number 
chosen is entered in KSIG. Each signal defined can be multiplied by a con- 
version factor so that output units can be controlled if desired. Conversion 
factors are input in the input table UC. There is a one-to-one correspondence 
between elements of the SLOC and UC tables. For example, suppose signal 23 is 
to be defined as 4 ^, in degrees. 

Then 


SLOC(23) = 153 
UC(23)- = 57.29578 


Element 153 of C0M40N is 4g * n radians. The proper conversion factor has been 
irput in UC(23). If no conversion is desired for some signals, then the unit 
conversion entry can be ignored. An input of zero is intepreted as a value 
of one. 

A 20-character label can be defined for each signal. These labels can be 
input in a special table, PLAB, defined as RA 5001-5200. Again, there is a 
one-to-one correspondence between label address and signal address. A label 
for the previous example would be 


PLAB(23) * RA(5C23) = Roll Attitude 


Finally, the signal save frequency can be controlled via input in RA(*3), 
NSAVE. If NSAVE = 1, then each signal is saved every integration step. If 
NSAVE = 2, then signals are saved every other integration step. If NSAVE = n, 
then signals are saved every n th integration step. 

Because of the large amount of inputs required to define the signal set, 
a default set is provided by the program. The default signal list of 118 sig- 
nals is presented in Table 21. The default conversion factors and labels are 
presented in Table 22. These defult values and those to be presented later 
should be thought of as master data which can be over-ridden. 
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TABLE 21. - DEFAULT SIGKAL LIST 


RA 

No. 

SLOC 

Pointer 

Quantity 

1501 

2872 

Trajectory velocity 

1502 

2873 

Reference angle of attack 

1503 

287U 

Reference sideslip angle 

150** 

2875 

Reference climb angle 

1505 

153 

Roll attitude 

1506 

15** 

Pitch attitude 

1507 

2883 

Altitude above reference 

1508 

2859 

Lateral cyclic stick 

1509 

2858 

Longitudinal cyclic stick 

151C 

2870 

Main rotor collective angle 

1511 

2871 

Tail rotor collective angle 

1512 

2865 

Thrustor power lever setting 

1513 

2863 

Aileron deflection 

151** 

2862 

Elevator deflection 

1515 

286U 

Rudder deflection 

1516 

2866 

Dive brake angle 

1517 

2867 

Flap extension 

1518 

2868 

Wing incidence angle 

1519 

2869 

Horizontal tail incidence angle 

1520 

2876 

Longitudinal cyclic 

1321 

2877 

Lateral cyclic 

1522 

213 

Mode 1 blade 1 deflection 










TABLE 21. - Continued 


Sig. 

Bo. 

RA 
Ho • 

SLOC 

Pointer 

Quantity 

23 

1523 

2 lU 

Mode 2 blade 1 deflection 

2 L 

152U 

215 

Mode 3 blade 1 deflection 

25 

1525 

23l» 

Mode 1 blade 1 velocity 

2 6 

1526 

235 

Mode 2 blade 1 velocity 

27 

1527 

236 

Mode 3 blade 1 velocity 

28 

1528 

255 

Mode 1 blade 1 acceleration 

29 

1529 

256 

Mode 2 blade 1 acceleration 

30 

1530 

257 

Mode 3 blade 1 acceleration 

31 

1531 

876 

Blade 1 feathering angle 

32 

1532 

2878 

VIMR 

33 

1533 

2879 

PI MR 

& 

1531* 

2880 

QIMR 

35 

1535 

2881 

WITR 

36 

1536 

958 

Rotor load FF(l) 

37 

1537 

959 

FF(2) 

38 

1538 

960 

FF( 3) 

39 

1539 

961 

FF(1+) 

1*0 

151*0 

962 

FF(5) 

1*1 

151*1 

963 

FF( 6 ) 

1*2 

151*2 

1*21 

Blade 1 flap moment F( 8 ,l) 

1*3 

151*3 

1+22 

Blade 1 Inplane moment F(9,l) 

1 * 1 * 

15M* 

883 

Blade 1 feather moment 
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TABLE 21. - Continued 


Sig. 

Ho. 

RA 

No. 

SLOC 

Pointer 

Quantity 

45 

1545 

366 

Hub u velocity 

46 

1546 

367 

Hub v velocity 

4T 

1547 

368 

Hub v velocity 

48 

1548 

372 

Hub roll rate, p 

49 

1549 

373 

Hub pitch rate, q 

50 

1550 

374 

Hub yaw rate, r 

51 

1551 

327 

4> swashplate 

52 

1552 

328 

8 swashplate 

53 

1553 

329 

z swashplate 

54 

1554 

342 

x shaft 

55 

1555 

343 

y shaft 

56 

1556 

344 

z shaft 

57 

1557 

345 

shaft 

58 

1558 

346 

0 shaft 

59 

1559 

347 

4* shaft 

60 

1560 

330 

x shaft 

6l 

1561 

331 

y shaft 

62 

1562 

332 

z shaft 

63 

1563 

333 

$ shaft 

64 

1564 

334 

8 shaft 

65 

1565 

335 

4' shaft 

66 

1566 

186 

Reference u 
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TABLE 21. - Continued 


Sig. 

No. 

RA 

No. 

SLOC 

Pointer 

Quantity 

67 

1567 

187 

Reference v 

68 

1568 

188 

Reference v 

69 

1569 

387 

Fuselage p 

70 

1570 

388 

Fuselage q 

71 

1571 

389 

Fuselage r 

72 

1572 

983 

FTR{2) 

73 

1573 

982 

FTR(l) 

7U 

1571* 

988 

FP(1) 

75 

1575 

970 

FN(l) 

76 

1576 

971 

FN(2) 

77 

1577 

972 

FN(3) 

78 

1578 

973 

FN(4) 

79 

1579 

97k 

FN(5) 

80 

1580 

975 

FN(6) 

81 

1581 

38L 

Fuselage p 

82 

1582 

385 

Fuselage q 

83 

1583 

386 

Fuselage r 

8k 

158U 

2882 

Rotor drive torque 

85 

1585 

216 

Mode 1 blade 2 deflection 

86 

1586 

217 

Mode 2 blade 2 deflection 

87 

1587 

218 

Mode 3 blade 2 deflection 

88 

1588 

219 

Mode 1 blade 3 deflection 









TABLE 21 


Continued 


Sig. 

No. 

RA 

No. 

SLOC 

Pointer 

Quantity 

89 

1589 

220 

Mode 2 blade 3 deflection 

90 

1590 

221 

Mode 3 blade 3 deflection 

91 

1591 

222 

Mode 1 blade 4 deflection 

92 

1592 

223 

Mode 2 blade 4 deflection 

93 

1593 

224 

Mode 3 blade 4 deflection 

9k 

1594 

225 

Mode 1 blade 5 deflection 

95 

1595 

22 6 

Mode 2 blade 5 deflection 

9 6 

1596 

227 

Mode 3 blade 5 deflection 

97 

1597 

318 

Rotor speed, 

98 

1598 

319 

Rotor acceleration, 

99 

1599 

2872 

Trajectory velocity 

100 

1600 

2873 

Reference angle of attack 

101 

1601 

2875 

Reference climb angle 

102 

1602 

9^8 

FR(3) rotor thrust 

103 

1603 

946 

FR(l ) rotor drag 

io4 

l6o4 

951 

KR(6) rotor torque 

105 

1605 

9^2 

QL0ADS(3) airframe lift 

106 

1606 

940 

QL0ADS(1) airframe drag 

107 

1607 

9kk 

QL0ADS(5) airframe pitch 

108 

1608 

983 

FTR(2) Tail rotor thrust 

109 

1609 

988 

FP(1) AUX. Thrust 

110 

1610 

2859 

Lateral cyclic stick 
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TABLE 21 . - Concluded 


Sig. 

Bo. 

RA 

Bo. 

SLOC 

Pointer 

Quantity 

Ill 

1611 

2858 

Longitudinal cyclic stick 

112 

1612 

2870 

Main rotor collective angle 

113 

1613 

2871 

Tail rotor collective angle 

llU 

161L 

2865 

Thrustor power lever setting 

115 

1615 

2878 

WIMR 

116 

1616 

2879 

PIMR 

117 

1617 

2880 

QIMR 

118 

1618 

362 

Reference z 


TABLE 22. - DEFAULT UNIT FACTORS AND TIMES 


Sig. 

No. 

’"actor 

Note: Units given below only reflect 

current title set stored in program. 
Title 

1 

1 . 

TRAJECT VEL FT/SEC 

2 

1 . 

ANGLE OF ATTACK DEG 

3 

1 . 

SIDESLIP DEG 

4 

1 . 

ANGLE OF CLIMB DEG 

5 

57.3 

ROLL ATTITUDE DEG 

6 

57.3 

PITCH ATTITUDE DEG 

7 

1 . 

ALTITUDE GAIN FT 

8 

12. 

LAT CYCLIC STICK IN 

9 

12. 

LONG CYCLIC STICK IN 
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TABLE 22. - Continued 


Sig. 

No. 

Factor 

. -- ! 1. - - ■■ ■! ■ :■= ■ ■ T fS-sm 

Title 

10 

57.3 

COLLECTIVE DEG 

11 

57.3 

TAIL ROTOR COL DEG 

12 

1. 

JET SETTING PCT 

13 

57.3 

AILERONS DEG 

lU 

57.3 

ELEVATOR DEG 

15 

57.3 

RUDDER DEG 

16 

57.3 

DIVE BRAKE DEG 

17 

57.3 

FLAPS DEG 

18 

57.3 

WING INC DEG 

19 

57.3 

TAIL INC DEG 

20 

1 . 

LATERAL CYCLIC DEG 

21 

1 . 

LONG CYCLIC DEG 

22 

1. 

MODE 1 DISPL FT 

23 

1 . 

MODE 2 DISPL FT 

2k 

1. 

MODE 3 DISP FT 

25 

1. 

MODE 1 VEL FT/SEC 

26 

1. 

MODE 2 VEL FT/ SEC 

27 

1. 

MODE 3 VEL FT/SEC 

28 

1. 

MODE 1 ACCEL FT/SEC2 

29 

1 . 

MODE 2 ACCEL FT/SEC2 

30 

1. 

MODE 3 ACCEL FT/ SEC 3 

31 

57.3 

BL1 FEATHER ANGL DEG 





TABLE 22. - Continued 


Sig. 

No. 

Factor 

Title 

32 

1. 

COLL DOWNWASH FT/SEC 

33 

1. 

LAT DOWNWASH FT/SEC 

34 

1. 

LONG DOWNWASH FT/ SEC 

35 

1. 

TR DOWNVASh FT/SEC 

3 6 

1 . 

ROTOR LONG SHEAR LBS 

37 

1. 

ROTOR LAT SHEAR LBS 

38 

1 . 

ROTOR THRUST LBS 

39 

1. 

ROTOR ROLL M FT-LBS 

UO 

1. 

ROTOR PITCH M FT-LBS 

4i 

1. 

ROTOR TQRQ FT-LBS 

42 

1. 

BL1 FLAP MOM FT-LBS 

43 

1. 

BL1 INPL MOM FT-LBS 

44 

1 . 

BL1 FEATHER M FT-LBS 

1+5 

1 . 

HUB U FT/SEC 

46 

1 . 

HUB V FT/ SEC 

1+7 

1 . 

HUB W FT/SEC 

48 

57.3 

HUB P DEG/SEC 

49 

57.3 

HUB Q DEG/SEC 

50 

57.3 

HUB R DEG/SEC 

51 

57.3 

SP PHIDD DEG/ SEC 2 

52 

57.3 

SP THTDD DEG/SEC2 

53 

1. 

SP VERT ACCL FT/SEC2 


lUl 






TABLE 22. - Continued 


Sig. 

No. 

Factor 

Title 

54 

1 . 

SHAFT XDD FT/SEC2 

55 

1. 

SHAFT YDD FT/SEC2 

56 

1. 

SHAFT ZD D FT/SEC2 

57 

57.3 

SH PHIDD DEG/SEC2 

58 

57.3 

SH THTDD DEG/SEC2 

59 

57.3 

SE PSIDD DEG/SEC2 

60 

12. 

SHAFT X DISPL IN 

6l 

12. 

SHAFT Y DISPL IN 

62 

12. 

SHAFT Z DISPL IN 

63 

57.3 

SHAFT ROLL DEG 

64 

57.3 

SHAFT PITCH DEG 

65 

57.3 

SHAFT YAW DEG 

66 

1 . 

REF U DOT FT/SEC2 

67 

1 . 

REF V DOT FT/SEC2 

66 

1 . 

REF W DOT FT/SEC2 

69 

57.3 

FUS FDOT DEG/SEC2 

70 

57.3 

FUS QDOT DEG/SEC2 

71 

57.3 

FUS RDOT DEG/SEC2 

72 

1 . 

TAIL RTR THRUST LBS 

73 

1 . 

TAIL RTR DRAG LBS 

74 

1 . 

JET THRUST LBS 

75 

1 . 

FUSELAGE FX LBS 


142 






TABLE 22. - Continued 


Sig. 

No. 

Factor 

Tiule 

76 

1 . 

FUSELAGE FY LBS 

77 

1 . 

FUSELAGE FZ LBS 

78 

1 . 

FUSELAGE MY FT-LBS 

79 

1 . 

FUSELAGE MY FT-LBS 

80 

1 . 

FUSELAGE MZ FT-LBS 

8l 

57.3 

FUSELAGE P DEG/SEC 

82 

57.3 

FUSELAGE Q DEG/SEC 

83 

57.3 

FUSELAGE R DEG/SEC 

8U 

1 • 

ENG TORQ FT-LBS 

85 

1 . 

BL2 MODE 1 FT 

86 

1 . 

BL2 MODE 2 FT 

87 

1 . 

BL2 MODE 3 FT 

88 

1 . 

BL3 MODE 1 FT 

89 

1 . 

BL3 MODE 2 FT 

90 

1 . 

BL3 MODE 3 FT 

91 

1 . 

BLl MODE 1 FT 

92 

1 . 

BLl* MODE 2 FT 

93 

1 . 

BLl MODE 3 FT 

91* 

1 . 

BL5 MODE 1 FT 

95 

1 . 

LL5 MODE 2 FT 

96 

| 

1 . 

BL5 MODE 3 FT 

97 

1 . 

BLl AZM 
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TABLE 22. - Concluded 


Sig. 

So. 

Factor 

Title 

98 

1 . 

RTRSPEED 

99 

1 . 

TRAJ VLL 

100 

1 . 

ATAK A!IG 

101 

1 . 

CLIMBASG 

102 

1 . 

TOTRLIFT 

103 

1 . 

ROTRDRAG 

lOb 

1 . 

RCIRTORQ 

105 

1 . 

FUSLLIFT 

106 

1 . 

FUSLDRAG 

107 

1 . 

FUSF1TCH 

108 

■A. m 

TRTHRUST 

109 

1 . 

JFTTERST 

no 

1 . 

LAT STIK 

in 

1 . 

LCNGSTIK ! 

! 

112 

1 . 

COLLECT/ 

113 

1 . 

TAILRCOL 

Ilk 

1 . 

JETSETKG 

115 

1 . 

COLDWASH 

116 

1 . 

LATDWASK 

117 

1 . 

LNGDWASK 

118 

-0.03108 

LOAD FACTOR 






3.^.5. 2 Print output * - A subset of the signal set nay be selected for print 
output. The printed output is in block fora at selected tine points. Up to 
six lines of eight parameters each constitute a block. Thus, a maxima of 
fc8 parameters can be printed. Table 23 contains the print control information. 
Rote, the print pointer list, PP, identifies the signals to be printed. The 
signals are identified by their relative location vitbin the SLOC table. The 
re age of values within the PP array is therefore 200. The total number of 
^vaetfrs to print is entered in HPP. The input PFREQ controls the print 
frequency. If no value is input, the first and last time points will be 
printer'. All time history printing can be suppressed by turning off the 
IPRIKT flag. 


TABLE 23. - PRINT C0BTR0L PARAMEITOS 

Input Quantity 

Address 

IPRIHT 

Print control flag. #0, print. 


PFREQ 

Print sampling control based on recorded signal steps. 
Default is first and last time points. 

2899 

HPP 

Hisaber of signals to be printed. 

2900 

PP 

Print signal pointer list. 

2901-29*8 


Again, a default set of values is provided by the program. These default 
values can be thought of as master data. Thus, they can be modified via 
input. See Table 2U. 


1^5 







TABLE 2k. - DEFAULT PRIST LIST AND TITLES 


Print 

So. 

Sig. 

No. 

Title 

1 

97 

BL1 AZM 

2 

98 

RTRSPEED 

3 

99 

TRAJ VEL 

1 

IOC 

ATAK ASG 

5 

3 

SIDESLIP 

6 

101 

CLIMBAKG 

7 

6 

PITCH AT 

8 

5 

ROLL ATT 

9 

102 

TOTRLIFT 

10 

103 

ROTRDRAG 

11 

101 

ROTRTORQ 

12 

105 

FUSLLIFT 

13 

106 

FUSLDRAG 

14 

107 

FUSPITCH 

15 

108 

TRTHRUST 


16 

17 

18 

19 

20 
21 
22 
23 
2k 

25 

26 

27 

28 

29 

30 

31 


109 

no 

in 

112 

113 

11 

13 

15 
111 

17 

16 

18 
19 

115 

116 
117 


JETTERST 

LAT STIK 

LONGSTIK 

COLLECTV 

TAILRCOL 

ELEVATOR 

AILERONS 

RUDDER 

JFTSETNG 

FLAPS 

DIVE BRA 

WING INC 

TAIL INC 

COLDWASH 

LATDWASH 

LNGDWASH 


ll6 






3.1*. 5-3 Plot output . - A subset of the signal set may be selected for CALCOMP 
plotting. The input parameters which control plotting are presented ir 
Table 25- If the plotting flag, IPLOT, is zero then no plots will be gener- 
ated. If IPLOT is not zero, then the AVAR * n signals identified in the HVEC 
array will be plotted. There are two pieces of information encoded within 
each entry in the HVEC array, lot only does each entry identify which signal 
to plot, but it also defines an ordinate label to identify sign polarity. The 
encoding is accoaplisbed as follows. Each input in the HVEC array is a float- 
ing point number of the form XXTTC. The part of the number denoted YYY, iden- 
tifies the signal number. The component XX is an identifier ranging from 00 
to 09 which gives the ordinate label polarity indicator desired. These indi- 
cators are defined in Table 26. An example follows. Assume the first three 
signals to be plotted are signals 22, 40, and 15$. Vith no ordinate label 
specified for 22, a nose up label for U0 and an aft label for 155- Then the 
HVEC entries would be the following 

HVEC(l) * 22.0 

(2) * 20b0.0 

(3) = 7155-0 

Ordinate scaling for each signal is normally handled automatically by the 
program. Each signal is scaled to a 2-inch channel. However, the user can 
input ordinate scale factors for desired signals in the proper slots of the 
SVEC array. SVEC(n) is the scale factor for the signal HVEC(n). 

Abscissa scaling can also be controlled by the user. The user specifies 
in TSCLE how many units per inch, and specifies by CYCFLG if the units are 
cycles or seconds. 

Finally, as an aid to the user, a default list of signals to be plotted 
is provided by the program. These inputs can of course be overridden. The 
default list is presented in Table 27- 

A note concerning the order of output is necessary. Plotting is frame 
oriented vith the first four signals plotted in frame one vith the sequence 
being from bottom to top, the second frame holds signals 5-8* etc. Figure 6 
presents a sample plot output frame. 
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TABLE 25. - PLOT CONTROL PARAMETERS 



Input Quantity 

Address 

I PLOT 

Plot control flag. A ncn-zero value viii invoke plots. 

48 

CYCFU 

Plot abscissa scale selector; = C. gives seconds/incb ; 
= 1. gives cycles/inch. 

134 

TSCLE 

Plot abscissa scale factor, units per inch. CYCFLG 
determines the unit definition. 

298 

HVAR 

Number of signals to be plotted, i.e., the number of 
entries in KVEC. 

300 

HVEC 

Plot signal pointer table. 

1801-1900 

SVEC 

Plot signal scale factors. Matches HVEC list. Other- 
wise, automatic scaling. 

2401-2500 



ABLE 26. - PLOT POLARITY LABELS 


Label 

Code (XX) 

{blank) 

00 

RT 

01 

N UP 

C2 

N DN 

03 

UP 

04 

DN 

05 

FVD 

06 

AFT 

07 

N RT 

08 

N LT 

09 
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TABLE 27. - DEFAULT PLOT LIST AID TITLES 


Sig Ho. 



Polarity 

Title 


lote: Units given below only 
reflect current title set 
stored in progran. 

FWD 

TRAJECT VEL FT/SEC 

N YP 

ANGLE OF ATTACK DEG 

H LT 

SIDESLIP DEG 

UP 

LOAD FACTOR 

RT 

LAT CYCLIC STICK IN 

AFT 

LONG CYCLIC STICK IN 

UP 

COLLECTIVE DEG 

UP 

ALTITUDE GAIN FT 

RT 

ROLL ATTITUDE DEG 

s up 

PITCH ATTITUDE DEG 

( ) 

TAIL ROTOR COL DEG 

) 

JET SETTING PCT 

UP 

AILERONS DEG 

UP 

ELEVATOR DEG 

RT 

RUDDER DEG 

( ) 

MODE3 DISPL FT 

FWD 

REF UDOT FT/SEC2 

RT 

REF VDOT FT/SEC2 

DN 

REF WDOT FT/SEC2 

RT 

FUS PDOT DEG/SEC2 

N UP 

FUS QDOT DEG/SEC2 

N RT 



FUS ROOT DEG/SEC2 


1U9 
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N UP 


SH THTDD DEG/SEC2 












TABLE 27. - Concluded 

Plot 

Ho. 

Sig 

Ho. 

Polarity 

Title 

«*5 

59 

N RT 

SH PS1DD DEG/SEC2 

46 

6o 

FWD 

SHAFT X DISPL IS 

47 

6i 

RT 

SHAFT Y DISPL IH 

48 

62 

DH 

SHAFT 2. DISPL IN 

49 

20 

H DN 

LATERAL CYCLIC DEG 

50 

21 

H DH 

LONG CYCLIC DEG 

51 

22 

( ) 

M0DE1 DISPL FT 

52 

23 

( ) 

MODE2 DISPL FT 

53 

42 

UP 

BL1 FLAP MOM FT-LBS 

54 

43 

FWD 

BL1 INPL MOM FT-LBS 

55 

44 

N UP 

BL1 FEATHER M FT-LBS 

56 

31 

N UP 

BL1 FEATHER ANGL DEG 

57 

36 

FWD 

ROTOR LONG SHEAR LBS 

58 

37 

RT 

ROTOR LAT SHEAR LBS 

59 

38 

DN 

ROTOR THRUST LBS 

6o 

3° 

RT 

ROTOR ROLL M FT-LBS 

6i 

32 

( ) 

COLL DOWNWASH FT/SEC 

62 

33 

( ) 

LAT DOWNWASH FT/SEC 

63 

34 

( ) 

LONG DOWNWASH FT/SEC 

64 

35 

( ) 

TR DOWNWASH FT/SEC 
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3.1*. 5.** Harmonic analysis . - The program provides harmonic analysis output 
for up to 50 signals. The output consists of the Fourier coefficients 


a 


n 


b 

n 



f(x)dx 


f (x ) cos nx dx 


f(x) sin nx dx 


for n = 1, .... 8 (8 harmonics). 

The data are also presented as phase-amplitude information. Where 


A = V a 2 + b 2 
n ” n n 

e » = 

if b <0 then 0 = 0 + 360/n . 

n n n 

Harmonic output is signaled with a nonzero input in IHAFLG (RA 1257). 

The functions to be analyzed must be given in the general output signal set 
as defined by RA's 1501 - 1700 . The subset to be analyzed is identified with 
pointers input in the array HSIG (RA 2301 - 2350 ). The number of signals, 
NHSIG, is RA 2300 . The user is reminded that the signal save frequency can 
be input in RA 1 * 3 . If this input is ignored, the program will guarantee that 
at least 20 points per cycle will be saved. For proper harmonic coefficient 
definition, NSAVE (RA 1 * 3 ) must be a divisor of the integration interval , NAZ 
(RA 51). 

The harmonic analysis output flag, IHAFLG, will also serve as an input 
to the program describing at which cycle to sample the signal. This is a 
cycle count measured from the end of trim. The inputs described above are 
summarized in Table 28. 
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TABLE 28. - HARMONIC ANALYSIS PARAMETERS 


Input Quantity 


Address 


IHAFLG Harmonic Analysis flag. A nonzero value activates J 1257 

harmonic analysis over the cycle indicated. 

SHSIG The number of signals to analyze , i . e . , number of | 2300 

entries in HSIG table. 

NSIG Hannon ic analysis signal pointer table. I 2301-2350 


3.1*. 5* 5 Diagnostic outputs. - The program provides a modest amount of diag- 
nostic print output which can be helpful in isolating input and model prob- 
lems. The inputs which control the diagnostics are presented in Table 29, 
and are discussed below. 


TABLE 29. - DIAGNOSTIC OUTPUT PARAMETERS 

Input Quantity 

Address 

MATGEN 

Acceleration perturbation and mass matrix genera- 
tion flag. A nonzero value activates. 

31 

ISWP 

SWEEP routine diagnostic print flag and counter. 
If ISWP = n then diagnostics will be printed upon 
the first n entries into SWEEP. 

45 

MATPRT 

Mass Matrix print flag. If MATPRT 4 0 then the 
initial generalized mass matrix will be printed. 

L6 


The initially computed generalized mass matrix can be optionally printed 
by turning on the input MATPRT. It should be stated that if the program 
senses a nonpositive definite matrix at any time during operation, the current 
mass matrix is printed and the case aborted. 

Detailed data concerning each main rotor blade can be printed in time 
history form by activating the input ISWP. The input ISWP serves as a counter 
which limits the printing to the first n time points. All the data are com- 
puted and printed from subprogram SWEEP. The output requires a listing of 
subprogram SWEEP to decode the parameters from the write statements. 

The final diagnostic output to be discussed is the acceleration pertur- 
bation and mass matrix generation flag, MASGEN. If this flag is activated, a 
time history is not computed. Instead, the generalized mass matrix is 
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computed, based cm the initial inputs. Then, a generalized mass matrix is 
constructed through pert,, bat ion of each generalized acceleration. Where for 
each acceleration, q , 

V 



8AF. 

, i = 1, ...» NTOTL . 


This derived mass matrix should theoretically match the computed mass matrix. 
Also, the derived matrix is a full matrix, and can be checked for symmetry. 
This method can be effective in spotting obvious program errors. 

3.1*. 5*6 Data utilities . - The inputs presented in Table 30 can be used to 
initiate tvo useful data utility functions. 



TABLE 30. - DATA UTILITY PARAMETERS 



Input Quantity 

Address 

IPUNCH 

Trim punch flag. If IPUNCH #0, then a trim punch 
deck is produced. 

1*7 

EDIT 

Master data deck punch flag. 

10U 


The input IPUNCH activates a trim punch option. The values of the 
parameters listed in Table 17 will be punched at the end of trim. The card 
deck produced can then be used as a change data unit in a subsequent run. 
These updated inputs should comprise a better set of initial conditions. 

A data deck editing feature is also available. If EDIT (RA 10L) = 1. is 
inserted in the uata deck in either a master or change data unit, an unclut- 
tered master data unit will be produced. This new deck will include the cur- 
rent nonzero values of all addresses in the range 1-3000 with the exception 
of RA 10U. The deck will be headed by a master control card, and terminate 
with an end control card. This option is useful when numerous changes have 
been made to a master data deck, or the deck has several master overrides. 

3.U.6 Main rotor blade . 

3. 1*. 6.1 Geometry. - The program takes a straight line radiating from the 
shaft at the hub center and builds up the blade reference line which is taken 
to pass through the quarter chord line. REXOR II blade station locations are 
in the array, SX. Do not use more than 20 stations. 
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At each span wise station the chordvise location of a number of blade 
element properties are specified. These are the element center of gravity, 
the neutral axis, and the shear center. Note again that these data are speci- 
fied with respect to the quarter-chord line. These data are summarized in 
Table 31. 


TABLE 31. - BLADE STATION REFERENCE DIMENSIONS 


Input Quantity 

Address 

NB 

No. of blades 


1 

NRAD 

No. of blade stations 


*98 

SX 

Blade station locations, m (ft) 


501-520 

SY 

Blade element c.g. location relative 
chord 

to the quarter 

521-5^0 

YNA 

Location of neutral axis relative to 

quarter chord 

1 UU 1 - 1 U 60 

YCS 

Location of shear center relative to 

quarter chord 

1U21-1UU0 


A number of other items are tabulated at blade stations such as mass, 
torsion, and model data. These will be presented in their respective 
sections. 

Geometric twist, ®TW> and coning P Q , are additional inputs. Coning is 
assumed to start at the shaft center line. Other inputs include blade droop 
angle relative to the precone angle, \, blade sweep, t q , and offsets Y_j og and 
Zjog- All of these design parameters are measured at a specified blade loca- 
tion termed STA70. STA70 is an input m (feet), and does not necessarily cor- 
respond to a station location. This location is often the location at which 
the movable hub attaches to the blade proper. 

The feather bearing locations are described by two inputs. These are 
the location of an inboard bearing FBLOC and the distance between bearings, 
DBEAR. Both locations must be specified to permit computing the feather axis 
slope from the bearing displacements. The program internally computes the 
offset of the bearings above and below the blade reference axis on the as- 
sumption the feather axis crosses the blade axis midway between bearings. 

The feather axis geometric coning is specified as BFAS. An additional offset, 
DELZOB, can be specified for the outboard bearing. Care should be exercised 
as the geometric coning the program uses will be increased above that speci- 
fied by BFAS to account for DELZOB. 
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Finally, the blade radius, R, and chord, COFD, a constant over the blade, 
are required. All of these geometric inputs are fully discussed in Volume I 
in Section U.5.5. They are summarized in Table 32. 


TABLE 32. - BLADE ANGLES, OFFSETS, AND DIMENS 

roNs 



Input Quantity 

Address 

R 

■ R 

Blade radius, m (ft) 

81 

®! 

TH1 

Geometric twist, deg 

85 

c 

CORD 

Main rotor blade chord, m (ft) 

no 

*IB 

FBLGC 

Inboard bearing location, m (ft) 

128 

*B 

DBEAR 

Distance between bearings, m (ft) 

129 

Po 

BETA 

Blade cone angle, deg 

1266 

T o 

TAU 

Blade sweep, deg 

' T 

Y 

CAMMA 

Blade droop, deg 


Pea 

BFAS 

Blade bearing cone angle 

1270 

« 

0 

<j 

DELSOB 

Outboard bearing offset adjustment 

lb? 9 

Y, 

Jog 

YJOG 

Blade chordwise offset, m (ft) 

lh8l 

Z, 

Jog 

ZJOG 

Blade flapwise offset, m (ft) 

lk82 

X ew 

On 

STA70 

Location where sweep and droop begin 

2570 


3. k.6. 2 Blada bending modes and related data . - Each blade bending mode has 
a chordwise and flapvise displacement component, but not an elastic twist 
component. Cases are usually run with three bending modes, but less can be 
used. Torsion and pitch horn bending are treatec separately (see Sections 
3 . U . 6 . U and 3 . U . 6 . 5 for a discussion of inputs). 

Typically, mode 1 is taken to be the first inplane, mode 2 the 1st flap, 
and mode 3 the 2nd flap. Each mode is presented to the program in an array 
where the row index (first) corresponds to blade statior and the column index 
(second) identifies which displacement or slope. For instance, the mode 1 
chordwise displacement at station one is BMSMl(l,l), the flapw.ise displace- 
ment is BMSMl(l,2), the chordwise and flapwise slopes are BMSM1(1,3) and 
BMSM1(1,1*). The mode shapes are defined by completing the first index for 
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the specified blade stations. A normalized ca based an the tip chord or flap 
displacement , whichever is greater, has been frequently used. Any normaliza- 
tion can be used but output labels are based on unit tip values. 

The chordvise and flapwise components are equal to the inplane and out- 
plane displacements at a reference feather angle given by PHIREF. The program 
rotates the modes with the feather angle so that the bending components are in 
axes fixed to the blade. A rotor speed, S2 , is also specified when the mode 
shapes are computed. The rotor speed fcr a given case should be reasonably 
close to this specified speed. The rotor speed input location, RA(52), has 
already been discussed. 

All modes are nominally with the chorivise/displaeeffient positive forward 
and the flapwise displacement positive down. The program reverses the sign cm 
the flapwise component internally to match Bin axes convention. 

Modal data are also needed at the feather bearing stations. For mode 1, 
FBIi£(l,l) is the chordwise displacement and FBLM(2,l) is the flapwise dis- 
placement at the inboard bearing station. FBLM'1,2) and FBLM(2,2) are the 
correronding values for the outboard bearing station. !4ode 2 and 3 bearing 
deflections are similarly specified. 

Additional modal data are required when the program is computing a lag 
damper configuration. The damper angular displacement is YP{1) for mode 1, 
YP(2) for mode 2, and YP(3) for mode 3- 

The bending nodes produce a feather angle component given by the partial 
derivati-'es TFV M, TPV(2) and TFV (3) for nodes 1, 2, and 3. These factors 
are defined as radians of feather angle per unit modal deflection. 

The nodal inputs discussed are summarized in Table 33. 


TABLE 33. - BLADE MODAL DATA 

Input Quantity 

Address 

IM1 Mode 1 select flag = 1. on; = 0. off 

IM2 Mode 2 select flag = 1. on; = 0. off 

IM3 Mode 3 select flag = 1. on; = 0. off 

BMSMl(l,l ) Y displacement, 1st mode 

BMSMl f l,2) Z displacement , 1st mode 

BmC.(l,3) dY/dS, 1st 

BMSMlU.L) dZ/dS, 1st mode 

BMSM2(l,i' Y displacec rnt, .hid mode 

3 

1* 

761-790 

781-800 

801-820 

821-8U0 

81*1-860 
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TABLE 33. - Continued 


Input Quantity 

Address 

BMSM2(l,2) 

Z displacement. 2nd node 

861-880 

BM5M2(1,3) 

dY/aS, 2. id nK.de 

881-900 

BMSM2(1,U) 

dZ/dS, 2nd code 

901-920 

BMSM3(1,1) 

Y displacement, 3rd node 

921-9^0 

BHSH3(1,2) 

Z displacement, 3rd node 

9M-960 

»2M3(1,3) 

dY/aS, 3rd node 

961-980 

BHSM3(1,U) 

dZ/dS , 3rd node 

981-1000 

PHIREF 

Blade reference feather angle, deg 

1269 


Feather Bearing Mode 1: 


FBLKl(l,l) 

Inboard Y displacement 

2T5 

(2,1) 

*7 

276 

(1,2) 

Outboard Y 

211 

(2,2) 


278 


Feather Bearing ?>Scde 2: 


FBLM2(1,1) 

Inboard Y displacement 

279 

(2,1) 

L 

280 

(1,2) 

Outboard Y 

281 

(2,2) 

Z 

282 


Feather Bearing Mode 3: 


FBLM3(i»l) 

Inboard Y displacement 

263 

(2,1) 

7 

281 

(1,2) 

Outboard Y 

285 

(2,2) 


286 

Lead- 

-lag damper angular deflection: 


YP(1) 

Mode 1 

367 

(2) 

2 

363 

(3) 

3 

369 





TABLE 33. - Concluded 


Input Quantity 

Address 

TTV(l) 

Mode 1 to feather coupling factor 

1*5 

TFV(2) 

Mode 2 to feather coupling factor 

1*6 

TP\T(3) 

Node 3 to feather coupling factor 

1*7 


The program computes the centrifugal stiffness by adding the centrifugal 
acceleration in with the other accelerations when the generalize! node force 
is found. Only the structural st iffhess is required as input. This is pre- 
sented as a 3 by 3 matrix, BLADK. Consult Volume I, Section 5.6. U fox a for- 
mulation for this symmetric spring matrix. The off-diagonal terms cross 
couple modes, as would be expected even for orthogonal modes. The units 
given in the input tabulation for the spring and other modal constants assume 
the modal displacement components are giver, in feet and the slope in radians. 
The modal degrees of freedom have units of time. Units , however, are not 
indicated for the mo-ial components to indicate these can be arbitrarily 
normalized. 

The structural damping in each mode is the same. Its contribution to 
the generalized force is 


3B 


dA 


Bin 




for mode m, blade n. 


The damping constant can be interpreted as 


c = 2 ^ W Q 


where £ is the damping ratio at the natural frequency u* 0 of interest. Three 
inputs control the damping level c: CTRIM, CFLY and CZERO. The program iin- 

earily interpolates between CZERO and CTRIM for the first second in TRIM. 
CTRIM should have a value equal to CFLY or close to ii. CZERO is s.*t high, 
a value of 0.0156 being typical, to quiet the inplane mode promptly. This 
mode typically has low damping and would otherwise take an excessive time in 
TRIM to reach a steady state. The damping function is shown in Figure 7. 

The usual linear damper, if incorporated, is modeled as a rotary equiv- 
alent damper -Jting about a real or virtual lead-lag hinge. The damper 
motion is described by the modal coefficients YP(l), YP(2) and YP(3), which 
are described with the blade modal data. 
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The damper is Modeled as a basic damping coefficient CLAfil up to an 
actuation rate of YPDI radians/sec. At this point a relief valve in the 
damper opens , and additional damping above (CLAG1 ) { YPDI ) is obtained with a 
damping coefficient of CLAG2. The equations of the damper mechanism are 
given in Volume I, Section 5.6.fc.l. 

Structural and damping coefficient data are summarized in Table 3 1 *. 


TABLE 3l*. - STRUCTURAL AND DAMPING COEFFICIENT ] 

DATA 

Input Quantity 

Address 

BLADK(3,3) 

Blade stiffness matrix 


12kl-12l»9 

CZERO 

Blade modal damping at trim 


1252 


initialization 



CTRIX 

Blade damping after 1 sec of TRIM 


1250 

CFLY 

Fly modal damping 


1251 

CLAG1 

Inplane lag damper constant 


370 

CLAG2 

High rate dashing constant 


371 

YDPI 

Damping rate breakpoint 


h39 
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3.1*. 6. 3 Blade aerodynamics . - The blade aerodynamic data in REXOR II is 
arranged to be compatible vith C-8l airfoil data decks. The data tables 
return Ci, Cd» and C D for Mach number and angle-of-attack entries. The pro- 
gram has provisions for two sets of tables. The step from use of table set 1 
to set 2 occurs at blade station KAERO. Set 2 is used outboard of this sta- 
tion. A NACA 0012 data set is stored internally in set 2. Thus the second 
of two external data sets will override the internal 0012 set. All the rep- 
resentations use a blade root cutout ( drag only, no lift or moment) identi- 
fied as CUTOUT = RA(2689). 


Unsteady aerodynamics (lift at the quarter chord determined by airflow 
at the 3 A chord) can be deleted by setting the UNSTDY flag, RA(50) = 1. 

Once the table values are determined, an increment to the drag coeffi- 
cient can be added at every station by the input DELCD. Further, an incre- 
ment, DC MR, to the pitching moment coefficient resulting from a trailing-edge 
tab can be added between the inboard and outboard ends of that tab as speci- 
fied by the inputs KT1 and KTO. EC MR is added when 


KT1 < K < KTO 


where K is the REXOR II station index. 

In addition to the root cutout, REXOR II also computes only a drag for 
the outboard blade segment. Thus, a tip loss factor can be implicitly ap- 
plied by proper choice of the REXOR station just inboard of the tip. The 
relationship is 


SX ( NRAD-1 ) = R* ( 2B-1 ) 


where R is the blade radius and BTII is the tip loss factor. 

A further refinement may be made known as dynamic stall. Dynamic stall 
is triggered by setting ISTALL =1. A reference angle factor, FACT!!, is re- 
quired. A description of its nature is found in Volume I, Section 6.2.3A.2. 
Nonlinear aerodynamic inputs are summarized in Table 35. 
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[ TABLE 35- - HOHLINEAR BLADE AERO DATA 

Input Quantity 

Address 

KAERO 

Table crossover station 

44 

DELCD 

Blade element incremental 

1264 

KTI 

Inbound blade tab station number 

1345 

KTO 

Outboard blade tab station number 

1346 

DCMR 

Incremental for blade tab 

1256 

BTIP 

Tip loss factor 

380 

1ST ALL 

Dynamic stall simulation flag 

2555 

FACTM 

Reference angle factor 

2559 

UHSTDY 

Unsteady aerodynamics deletion flag, 
= 1. delete 

50 
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3.1*. 6.1* Pitch horn bending. - The program can be directed to simulate quasi- 
static or dynamic pitch horn bending. If no bending is desired, then only 
the pitch horn length is required, E. (RA 136). If KPH is nonzero, then 
quasi-static bending is assumed. The input KPH also serves as the pitch 
horn spring in foot-pounds of feathering moment per radian of elastic feather- 
ing. A time constant, TPH, is also required. Since a first order lag is 
simulating the dynamics, the tine constant could be roughly the reciprocal 
of the natural frequency of the pitch horn bending mode. 

Dynamic pitch horn bending is activated by setting NBP = 1. The dynamic 
pitch horn should not be used with either quasi-static pitch horn bending or 
dynamic torsion. The pitch horn degrees of freedom for each blade are inde- 
pendent. The dynamic pitch hern requires a spring, AKPK, and a partial, 

ZBPH. If ZBPH = 1, the amount the end of the pitch horn displaces will be 
feet per radian of elastic feathering. If ZBPH = E = RA(136), the pitch 
horn displacement is in terms of the actual feathering displacements. There- 
fore, no units are given for ZBPH. The units listed in the input tabulation 
for AKPK assumes the Z5PH is identically one. The pitch horn bending inputs 
are given in Table 36. 


TABLE 36. - PITCH HORN BENDING INPUTS 

Input Quantity 

Address 

E 

Pitch horn length 

136 

KPH 

Quasi-static pitch horn spring 

ll*67 

TPH 

Quasi-static pitch hern time constant 

11*88 

NBP 

Pitch horn bending degree of freedom 
flag 

> 

ZBPH 

Pitch horn partial 

ll*77 

AKPK 

Pitch horn spring 

11*78 

, 
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3. **.6. 5 Torsion. - Quasi-static or dynamic torsion capabilities are avail- 
able. Quasi-static torsion is signaled by thu input flag TORFLG. Other 
inputs include a time constant TCT, and DSOGJ which is the reciprocal of the 
torsional stiffness. The time constant, TCT, is for a first-order simulation 
of the torsion dynamics. To alleviate numerical difficulties, however, the 
elastic twist velocity is not used in the computations, only the displace- 
ments. Nevertheless, a value for the time constant roughly equal to the 
reciprocal of the natural frequency of the torsion mode is appropriate. The 
required quantities are presented in Table 37. 

Dynamic torsion is activated by setting NPT = 1. Dynamic torsion (an 
uncoupled mode) cannot be used at the same time as dynamic pitch horn bending. 
For uncoupled torsion, a mode shape starting at RA(287l) = PPTOR ' 1 ) is 
required. As usual, any normalization will work, but for output consistency 
one radian nose up twist at the blade tip is suitable. The quantities needed 
are reviewed in Table 38. 


TABLE 37. - QUASI-STATIC TORSION 


Input Quantity 

Address 

TORFLG 

Quasi-static torsion flag 

1^97 

TCT 

Quasi-static time constant 

1U01 

DSOGJ 

Reciprocal of torsional stiffness at 
every REXOR station 

1361-1380 


TABLE 38. - DYNAMIC TORSION INPUTS 

Input Quantity 

Address 

NPT Blade torsion degree of freedom flag 

PPTOR Torsion mode shape at each blade data 

station 

TORK Dynamic torsion root spring 

TORC Dynamic torsion root damper 

6 

2871-2890 

126 

127 
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3.1*. 6 . 6 Feather bearing loads . - Feather bearings are modeled in REXOR II 
having the properties of a torsional spring rate, friction, and damping. 

The spring can be due to the bearings or from some other physical source 
such as tension-torsion packs, if used. Hie spring rate is TXS. 

Bearing friction can be modeled as stiction or viscous friction, or a 
combination thereof. Figure 8 illustrates the nature of friction function. 

Stiction is modeled if RLF is a small number (not zero) and FCF is the 
stiction load. If only viscous friction is desired without a stiction limit, 
then RLF must be much larger than the normal range of the velocity, and the 
ratio FCF /RLF determines the viscous damping coefficient. 

Viscous damping can also be supplied via the input CFB. The inputs 
are summarized below in Table 39. 


TABLE 39. - FEATHER BEARING LOADS 

Input Quantity 

Address 

TXS 

Feather spring 

29U 

CFB 

Feathering viscous friction 

IU 85 

FCF 

Feather friction 

111* 

RLF 

Feather stiction break point 

115 
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3. k.7 Weight and balance. - The total mass of the vehicle is the sum of 
mass of its parts. The required inputs are specified in Table Lo. 

The program integrates the balde distributed mass and then adds up all 
the blades to find the rotor mass. The blade mass is defined as all the 
masses that can be feathered. The remainder of the rotating masses are 
included in the hub mass. 


TABLE UO. - MASS DATA TABLE 

Input Quantity 

Address 

FMASS 

Fuselage, Including wings and tail 
surfaces, tail rotor and engine 

91 

HMASS 

Hub 

366 

SFMASS 

Svashplate 

139 

TMASS 

Transmission 

2531 

<JM(1)-QM(20) 

Blade distribution mass at each 
REXOR station 

5^1-560 


The center of gravity of the fuselage from the fuselage reference axis 
origin is specified by XFBAR, YFBAR, and ZFBAR. The hub center of gravity 
is assumed at the hub axis origin and no input is required. The svashplate 
center of gravity, ZGS, is the height of the svashplate center of gravity 
above the hub axis origin when the main rotor collective is at its trimmed 
value. The program computes the location of the blade masses as the blade 
bends and feathers. It assumes the blade masses are on the blade center- 
of-gravity axis defined with respect to the blade quarter chord axis. The 
location of the c.g. line was discussed earlier. 


The transmission may be isolation mounted and modeled 
dynamic mass. The transmission data is entered as a mass, 
tensor and the mass center offset from the hub axes (XCGT, 


as a distinct 
TMASS, an. inertia 
YCGT and ZCGT) . 


The moments and products of inertia required are presented in Table Ul, 
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TABLE 4l. - INERTIA AND C.G. DATA 


Input Quantity 

Address 

XFBAR ' 

YFBAF 

ZFBAR 

1 Fuselage c.g. location relative 

1 to the fuselage axes 

372 

373 
371* 

IXXF | 


l46l 

IYYF ; 

) 

1462 

IZ7.F { 

Inertia terms for the fuselage 

1463 

IX YF 

wing and tail surfaces 

1464 

IX ZF 

I 

1465 

IYZF 1 

! 

1466 

IZZH 

Hub 

1468 

IZZSP \ 

rasp/ 

Svashplate 

118 

361 

IXXENG 

Engine (rotor drive only) 

1471 

IYYTR 

Tail rotor 

1472 

BI 

Blade moment of inertia about blade 
center of gravity axis. Inertia is 
distributed with per ft units at 
each REXOR station 

561-580 

ZSPZ 

Distance of svashplate c.g. below hub 
axis for nominal collective 

1469 

IXXT I 

t 

2535 

IYYT 

f 

2536 

IZZT ( 
IX YT ( 

i Inertia terms for the transmission 

2537 

2536 

IXZT 1 


2539 

IYZT J 

1 

254 c 



Transmission c.g. 
to the hub 


location relative 


2532 

2533 
253U 
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3. >*.8 Airframe. 


3. ^.8.1 Geometry . - The geometry of the airframf j..:cludes the lengths to 
the various configuration fixed surfaces. The ■ .*s involved are for the 
vertical tail (LVT, HVT), the lower horizontal vail (LHT), upper horizontal 
tail (LHTU) and dive brake (HDB). The wing quarter chord is assumed to 


intercept the fuselage vertical axis. See Table U2. 



TABLE U2. - AIRFRAME GEOMETRY 



Input Quantity 

Address 

LHT 

Distance from fuselage axis to lower horizontal 
tail, + aft 

101 

LVT 

Distance from fuselage axis to vertical tail, 
+ aft 

102 

HVT 

Distance from fuselage axis to vertical tail, 

+ up 

103 

LHTV 

Distance from fuselage axis to upper horizontal 
tail, + aft 

111 

HDB 

Height of dive brake cevcer of pressure to 
fuselage axis 

398 
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3-t.o .2 Aerodynamics . - The fuselage here is taken to include the wings, if 
any, plus vertical and horizontal tail surfaces. Ailerons, elevator, etc., 
are available. The aerodynamics are described by a table of values for the 
drag, lift and moment at all angles of attack and a matrix of derivatives 
expressing the sideslip chracteristics and the damping due to the wing and 
tail surfaces. The aerodynamic formulation is given in Volume I, 

Section 6. 1 *. 

The static loads are given by RA(2601) = ALFA(l), RA{2621) = CL(l), 
(RA( 26 Ul) = CM(l), HA (2661) = CD(1) and following entries which relate the 
lift, drag and pitching accent coefficients to the angle of attack. A n»nd«nnw 
of twenty angle-of-attack points are allowed which should cover the total range 
of values from -180 to +lSd deg. These coefficients can be take- directly from 
wind tunnel tests of a model without the blades. The loads are sized by the 
wing area and the wing chord length, HA(268l) * AWING and RA{2682) = UWING- 
w or a wingless configuration dummy values of 1.0 and 0.1 can be used. OWING 
should be small to reduce a wing damping term to a negligible size. 

The data should preferably include the empennage contributions. How- 
ever tail ofi data can be utilized by means of the TAILOU flag RA(105) * 0., 
end sore additional entries in Section 3.*.l6. 

The fuselage matrix RA{J»hl) = P,NM(l,i), RA(*»U2) = FNM(2,l) and fc '.lowing 
entries allow for loads due to asymmetry, linear, and quadratic sideslip 
variations, wing damping in roll, plus vertical and horizontal tail damping. 

The matrix is a set of derivatives relating the fuselage forces and moments 
with the velocity terns. "Tie first subscript in FNM refers to the loads and 
the second to the velocity. The terms are developed in Volume I, Section 6.k 
and related here. 

For tail on data the matrix has the form: 
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For tall off data the A velocities are replaced by full values. 

The loads are in vind axes, the velocities in fuselage reference axes. 
The X axis points forward, the T rightward and the Z axis downwards. The 
first column represents loads due to airframe a symme try such as those due to 
different incidence on the left and right wing panels. The second and third 
columns describe the static sideslip characteristics with both a linear and 
quadratic variation allowed where: 


V F 35 “p Pf 


and 


2 2 2 
V F * “f Pf 


Assuming the matrix elements are found for moderate angles of sideslip 
Py. The fourth column is zero unless the wing roll damping derivative 
FI3-! (1,2) is significant. The fifth through seventh columns relate to the 
lift curves slcpes C? # and fv g of the horizontal and vertical tail surfaces 
such that 


F®f(3,5) = - 


2 P o S HT C L 0 


Fm(3,7) 


C. 

u o 


ani 


FHM(2,6) = - 


— PS c 
2 F 0 VT Yp 


where P c is the sea level air density of 0.002378 slugs/ft 3 (conventional 
uiiits) and S is a tail surface area. The matrix elements are evaluated at 
sea Wei and the program ratios the fuselage aerodynamic load by the density 
ratio t altitude. 
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The pitching and rolling moment derivatives from the tail are obtained for 
the force derivatives times the appropriate tail length or height: 

fUM(5.5) = * F5M(3,5) 


FNM(5,7 ) = * FSM(3,7) 


FSM(U,6) = -b^ * FSM (2,6) 


and 

F2©!(6,6) = * FSM(2,6) 

The equation for FHM(t,6) i.~ only a rough approximation to the tail fin 
dihedral effect. A variation with urgj.e of attack is not allowed by the 
program. 

The aerodynamic inputs required for the airframe are summarized in 
Table t3- 

Incremental loads due to wing incidence, flaps, ailerons and live 
brakes are also bcokkept with the airframe aerodynamics. The flaps and wing 
incidence are inputted as partials of Cf, Cg, C a . A'lerons are modeled as 
the "volume" of one aileron. The dive brake is mod-led as the partial of 
flat plate area with respect to extension angle. 


Ilk 



TABLE i.3. - AIRFPAME AERODYKAMICS 



Input Quantity 

Address 

TAILOir 

Airframe data flag, tail on = 1, off = 0 

105 

ALFA 

Angie-cf-attack table, deg 

2601-2620 

CL 

Airframe Cg 

2621-26^0 

CM 

Airfraee C 

Zl 

26L 1-2660 

CD 

Airfrsne C. 

a 

2661-268C 

Avrc 

Wing area, a 2 (ft 2 ) 

2681 

v *'* i-A« J 

Wing chord, m (ft) 

2682 

rm 

Body airload coefficient matrix 

Ul-2.32 

pf f 

Airframe > due to flap extension 

391 

P?D? L 

Airfrace Cp due tc- flap extension 

“90 

PCMFL 

Airfrace Cy due tc flap extension 

392 

PC I AW 

Airfrace C- due tc ving incidence 
charge 

59^ 

PCDAK 

Airframe C r due to ving incidence 
change 

393 

PTL-.W 

Airfrace C,» due tc viag incidence 
change 

395 

PVAL 

Control moment volume of one aileron 

396 

fsl:- 

Flat p*ate area increase iue tc dive 
brake angle 

~G~ 

- s ' 







3.U.9 Tail rotor . - Aerodynamic and dimensional inputs are described here. 
Inertia, control and dovnvash data are described in other sections on the 
respective topic. The aerodynamic loads are presently formulated for use 
with a tail rotor whose upper blade moves aft. These data are summarized in 
Table UU. 


TABLE LU. - TAIL ROTOR DATA 

Input Quantity 

Address 

SLTR 

Distance from fuselage axis to tail 
rotor, ♦ aft 

98 

HTR 

Height of tail rotor above fuselage axis, 
+ up 

13U8 

YTR 

Tail rotor lateral offset from fuselage 
axis, ♦ RT 

27U 

come 

Tail rotor pitch-flap coupling, 6^ 

1253 

AOTR 

Tail rotor blade area 

2683 

RTR 

Tail rotor radius 

2681 

CLATR 

Tail rotor lift slope, dC, /do 

.•j 

2685 

B 

Tail rotor tip loss factor 

2686 

STR 

Tail rotor fin blockage factor 

97 

CDOTR 

Tail rotor blade drag coefficient 

99 

FKTR 

Drag coefficient rise as a function of 
average lift coefficient 

100 

LAM7R 

Tail rotor f’ aft axis tilt right, deg 

108 

GRTR 

Main rotor to tail rotor gear ratio 

H?5 

A1TR 

Tail rotor initial flap angle, rad 

77 
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3.*». 10 Thrustor . - A set of auxiliary thrusting engines is modeled as a 
single composite pawemlant in REX OB II. The unit is located a distance l 
aft of the fuselage reference and a height h p above it. The thrust vector 1 * 
is inclined o p radians above the fuselage X axis. 

Thrust is modeled as partial derivative functions of Mach number and 
percent free turbine rpm vhich is treated as an input power lever. The 
thrustor inputs are summarized in Table U 5 . 



TABLE U 5 . - PROPULSION GROUP 



Input Quantity 

Address 

PTP1 

Thrust as a function of power lever input 
squared, lbs per percent 2 (typically) 

131*9 

PTP2 

Thru as a function of Mach number , N (lb) 

1350 

FTF3 

Thrust as, a function of the product of 
Mnch number and power ’ever input 
^typically percent), N lib) 

1351 

AIP 

Thrust vector pitch elevation, deg 

1352 

HP 

Thrust vector distance above ^•j'-elage axes 

1353 

LP 

Thrustor location aft of fus. ixes 

135l» 
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3.1*. 11 Hi_b. - The %r.s. properties are found in weight and balance. Sec- 
tion 3.U.' . The hub is located a distance RA(96) * HF from the fuselage 
reference measured *♦} down. It is at the point where the blade cone line 
intercepts th* shaft. 

3.1.12 Rotor drive group . - The inputs to be discussed relate to the shaft 
engine torque and the fuel control. This option xs controlled by the rotor 
degree of freedom flag, NR, RA(15). The engine schematic is given in 
Volume I, Section 5.10, Figure 32. 

Note the schematic gives engine speed, but for convenience the rotor 
speed is used as reference. The constants should be calculated with this in 
mind. The engine torque is bounded by zero and RA(ll81) = ENGEr *! . Drive 
train dynamics are not modeled. The engine inputs are su mmar ized in Table 16. 


TABLE 16. - SHAFT ENGINE INPUTS 

Input Quantity 

Address 

DCX ENG 

Spool moment of inertia 

U71 

PQENG 

Torque to generator speed ratio, 
3K ENG /,a ^GEN 

591 

PQEOM 

Torque to rotor speed retie, / 9*1*^ 

592 

KLPRM 

Acceleration feedback gain, k^ 

593 

JC2FRM 

Speed feedback gain, 

591 

TAUG 

Gas generator time constant, 

595 

GREIJG 

Gear ratio engine 

llTl 

GRTR 

Gear ratio tail rotor 

1175 

ENGHPX 

Maximum horsepower 

1181 

ENDMIZ 

Trim to que 

92 


The engine and tail rotor gear ratios are needed GREIJG, and GRTR. The 
gear ratios are positive if the rotors rotate as follows: main rotor, hub 

and swashplate are counterclockwise looking down, the engine is counterclock- 
wise looking forward, and the tail rotor clockwise looking rightward. 


178 







3.1*. 13 Svashplate. - The swashplate programming is suitable for modeling 
two alternate control system types: 

1. Locked swashplate degrees of freedom (l to 3) 

2. Normal swashplate 

Table 1*7 lists the swashplate data required. The active swashplate 
degrees of freedom is controlled by NSP, RA(7). For NSP =3, all degrees 
of freedom (roll, pitch and vertical) are active. For NSP = 2, the roll 
and pitch axes are active, and the collective motion is strictly a function 
of trim and pilot collective commands. When NSP =1, the vertical motion 
is active, and the swashplate tilt equations are replaced by kinetic rela- 
tions. The normal swashplate input spring rates, QKXCS and QKYCS, assume 
the meaning of radians swashplate deflection per unit of cyclic control 
deflection. Note these inputs are rotated through the svashplate to control 
axes phasing angle. Setting NSP =0, gives kinematic relations for all 
three motions, and completely deletes the swashplate degrees of freedom. 

The user is cautioned on numerical problems. In the case of a swash- 
plate with stiff springs, the swashplate frequencies may be driven so high 
that numerical instabilities may occur. The locked swashplate may be pre- 
ferred especially if the user is including only the three lowest blade modes 
and is not interested in pitch horn or torsion dynamics . 

The user should be acquainted with Volume I, especially Sections 4.5.6, 
4.5.7 and 5-9. Note the two axis systems: the swashplate axis and the 

swashplate control axis. The swashplate axes are aligned with the principal 
axis with the X roll axis forward, the Y pitch axis rightward and the Z 
heave axis downward. The control axis lags the swashplate axis by an azi- 
muth CHI. Lag, the negative of lead, is taken positive in a direction 
opposite to rotor rotation where the advancing blade is on the right. The 
control loads will come from the pilot stick through the stick actuators, 
see Section 3.4.4, and act through the control springs with rates QKXCS 
and QKYCS. 

In the FLY mode the cyclic stick inputs from the combined pilot input 
(Section 3-4.4) and trim values (Sections 3.^.3 and 3.4.14) are processed 
through a first order lag and rate limiting prior to being applied to the 
swashplate input spring rates QKXCS and QKYCS. Note that the input and 
intermediate units are completely flexible, and user controlled via input 
to the control scaling factors (Section 3.4.14) and input spring units. 
Typically the cyclic controls are expressed in percent of full scale, the 
scaling factors convert these numbers tc feet and the spring rates convert 
these to foot pounds. However the whole system could be operated as metric 
deflections and torques (SI units). Whatever system is used the rate limiter 
numbers must be expressed in the units of cyclic input to the swashplate 
springs. 
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TABLE 1*7. - SVASHPLATE INPUTS 




Input Quantity 

Address 

Svashplate to Feathering Geometry 


*PH 

BETAG 

Pitch horn lead azimuth 

125 

e 

E 

Pitch horn arm 

136 

Ho 

DOEO 

Ratio of cyclic feathering 
to svashplate angle at zero 
collective 

271 

Hi 

D0E1 

Variation of (d/e) Q with 
collective 

272 


CHI 

Azimuth swashplate leads 
control axis 

119 

hcs 

Qjacs 

Swashplate roll control 
spring rate, control axis 

123 

^cs 

QKYCS 

Swashplate pitch control 
spring rate, control axis 

12k 

Springs , 

Dampers, Friction and Slop 


K *SP 

KPHCOIi 

Swashplate roll spring rate 
in control axis 

376 

K6 SP 

neon 

Svashplate pitch spring rate 
in control axis 

377 

C $SP 

CPHCON 

Svashplate roll damper rate 
in control axis 

378 

Ce SP 

CTHCON 

Svashplate pitch damper rate 
in control axis 

379 

6 S,SP 

GASTCP 

Svashplate stop contact 
angle 

1276 

K s 

y o . 

GKSTOP 

Svashplate stop spring r^te 

1277 
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TABLE 1*7. - SVASHPLATE INPUTS (Concluded) 



Input 

Quantity 

Address 

Springs , 

Dampers, Friction and Slop (Continued) 


*SP, BK j 
®SP, BK | 

RLG 

Svashplate friction break 
point 

116 

i 

“fb^sp i 

K FR.^p 1 

FCG 

. 

Svashplate friction at break 
point 

117 

Vertical 

Motions 



r lz 

1 ^SP 

QKGZ1 

Svashplate vertical spring 
rate at lov deflections 

137 

*7 

“ISP 

ZG1 

Svashplate vertical spring 
breakpoint 

lUl 

K ? „ 

2 "SP 

QKGZ2 

Svashplate vertical spring 
rate at high deflection 

lUO 

F c 

FIDDLE 

Svashplate vertical spring 
centering force 

1L9L 

C ZSP 

QCGZ 

Svashplate vertical damping 
rate 

138 

R z<j>’ R ze 

DGDHG 

Svashplate rotary to vertical 
damping coupling 

1263 

Input Actuators 



TAUXC 

Longitudinal cyclic first 
order lag time constant , 
sec. 

292 


TAUYC 

Lateral cyclic first order 
lag time constant, sec. 

293 


RATLXC 

Longitudinal cyclic stick 
input rate limiter, 
units/sec . 

1*37 


RATLYC 

Lateral cyclic stick input 
rate limiter, units/se - . 

1*38 
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BETAG and E describe the pitch horn cant angle and arm length, see 
Figure 9- 



BLADE 

AXIS 


Figure 9. Pitch Horn Geometry 


If the pitch horn is behind the blade, instead of leading like the fig- 
ure, E is negative and EETAG is n radians minus the physical angle. 

Suspension springs, and if installed the dampers, are modeled with rates 
KPHCON, CTHCON. These are established in svashplate control axis. 

Therefore, terns which would couple pitching loads to roll deflections and 
vice-versa do not exist, Note the suspension springs are defined with the 
controls blocked, and the control springs with the svashplate blocked. 

Swashplate stop springs are modeled. They are circular in the sense 
that the stop spring rate is the same in any direction. Friction is also 
the same in any direction. It follows the function illustrated in Volume I, 
Figure 30. Pure viscous friction is obtained by making RLG very large and 
the ratio FCG/RLG equal to the viscous friction coefficient in ft-lb/raa. 

A moderate value of RLG sets a rate beyond which the friction is limited 
to the stiction value FCG. A tiny RLG value (not zero) obtains pure stic- 
tion for all practical purposes. 

Most of the swashplate collective inputs are self-explanatory. FIDDLE 
supplies a means for "centering" the low spring rate portion of the swash- 
plate travel. DGDHG is a cyclic to collective damper coupling factor. 

The swashplate cyclic dampers produce a collective force proportional to 
the swashplate deflection and the cyclic damper load. See Volume I, 

Section 5 • 9 • 3 for equations. 

When the user operates the program with the swashplate locked only 
six inputs as listed in Table U9 need be considered. If the actual swash- 
plate deflections are immaterial, the user may find nominal values of 
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DOEO * 1, DOE1 = 0 and BETAG = 0 convenient. Then if CHI = 0 an aft stick 
will gear the svashplate to roll right through the gear ratio. In turn 
the svashplate deflection will cause an equal amount of pure longitudinal 
cyclic to appear. The overall equation is 


A is 

- ({§ A 

'sin ^ pH cos 4 ; pH ' 

• 

'cos -sin 


1 

x^ 

0 

X 

0 

B 1S 

Vwo Wi °) 

cos *p H -sin * pH _ 


sin 4 » c cos 


“yc Y c) 


which can be derived from Volume I, Sections 4.5, 5*9*3 and 5.9*4 where 




TABLE 48 

. - CONTROL INPUT FOR LOCKED SVASHPLATE 


Input Quantity 

Address 

K XC 

QKXCS 

Ratio svashplate control 
roll to longitudinal stick 
deflect 

123 

*Y C 

QKYCS 

Ratio svashplate control 
pitch to lateral stick 
deflection 

124 

*c 

CHI 

Azimuth svashplate axis 
leads control axis 

119 

(d/ e ) 0 

DOEC 

Ratio cyclic feathering to 
svashplate angle at zero 
collective 

271 

(d/e) 1 

D0E1 

Variation of (d/e)^ with 
collective 

272 

^PH 

BETAC 

Pitch horn lead azimuth 

125 
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3.4.14 Control system . - REXOR II models a control system that contains 
all the elements of a typical helicopter plus controls normally found on 
fixed-wing aircraft . All these elements are operated from one set of pilot 
controls. 

A set of scaling factors is provided so that the control settings may 
be expressed in units independent of the units used internally to deflec- 
tion angles, etc. It is suggested that the pilot inputs be expressed as 
percent of limit travel and the scaling factors be used accordingly. These 
factors are given in Table 49. 


TABLE 49. CONTROL SCALE FACTORS 

Input Quantity 

Address 

KXCSFS 

Longitudinal stick units 
input to feet scaling 
factor 

IS 33 

KYCSFS 

Lateral stick uni us input 
to feet scaling factor 

1984 

KELFS 

Elevator units input to 
radians scaling factor 

1985 

KAILFS 

Aileron units input to 
radians scaling factor 

1986 

KTRFS 

Tail rotor units input to 
radians scaling factor 

1987 

KRUDFS 

Rudder units input t.o 
radians scaling factor 

1988 

XTHFS 

Collective units input to 
radians scaling factor 

1990 

KDBFS 

Dive brakes units input 
to radians scaling factor 

1991 

KFLFS 

Flap units input to radians 
scaling factor 

1992 

KJWFS 

Wing incidence units input 
to radians scaling factor 

1993 

KIHTFS 

Tail incidence units input 
to radians scaling factor 

199^ 
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The helicopter and fixed-wing controls are partially interconnected. 
The longitudinal stick operates both the longitudinal stick helicopter 
input and the elevator. Similarly the lateral input operates the lateral 
stick helicopter input and the ailerons. The rudder input operates the 
tail rotor collective and the rudder. A set of multipliers, termed phasing 
gains, is provided to apportion the longitudinal pilot input between heli- 
copter and fixed-wing controls. See Table 50. These factors vary between 
C.O and 1.0. It is possible then with a fully ofined control set to va~y 
the control characteristics from helicopter to airplane with these 
five c "‘fficients. 



TABLE 50. - PHASING GAINS 


Input Quantity 

Address 

GAINC 

Helicopter cyclic system 
input from cyclic stick 

86 

GAINEL 

Elevator input from 
cyclic stick 


GAIUAL 

Aileron input from cyclic 
stick 

89 

GAINTR 

Tail rotor input from, 
pedals 

88 

GAINRD 

Rudder input from pedals 

90 


Control rigging offsets ani cross couplings are also modeled. The 
rigging offsets account for tail rotor right thrust with neutral pedals, 
etc. The cross coupling partial derivatives model cyclic and tail rotor 
collective inputs as a function of collective position. These couplings 
may be deliberate control compensations or the result of system, charac- 
teristics. The inputs are given in Table 51. 




TABLE 51 . - COHTROL RIGGIHG 

Input Quantity 

Address 

DELO 

Elevator up deflection 
for aero input, rad 

32 

DAILO 

A:‘^«r< . up deflection 
(right' ior zero input, 
rad 

33 

THETRO 

Tail rotor collective for 
neutral pedals, rad 

31 * 

DRUDO 

Rudder right deflection 
for neutral pedals, rad. 

35 

PXPT 

Aft longitudinal stick, m (ft) 
for radians collective 

71 * 

PIPE 

Right lateral stick, m (ft) 
for radians collective 

75 

PTPT 

Radians tail rotor collec- 
tive for radians collective 

76 


Six SAS channels are provided in REXOR II. These are for lateral and 
longitudinal cyclic, elevators, ailerons, tail rotor, and rudder. All 
channels are identical in modeling. Each has two inputs. One input is 
processed through a washout and gain whereas the other input has an addi- 
tional first order lag stage. See Figure 10. Output Uniting is provided. 
The gains should be selected so that the internal signal levels in each 
SAS channel are on the sane basis as the control each is connected to, 
i.e., if the lateral stick input will be expressed in percent, then the 
internal levels of the lateral stick channel should also be in percent. 

The output gains of each SAS channel will be 'the sane as the respective 
scaling factor associated with pilot and trim inputs. The inputs are given 
in Table 52. 
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(INSTANTANEOUS) 



CD 


Figure 10. - Typical SAS channel. 





TABLE 52. - SAS INPUTS 


IB = ffT-S— =' 

Input Quantity 

Address 

SASDX: 

(Longitudinal Stick) 

Input 1 Fuselage roll rate 
Input 2 Fuselage pitch rate 



(1) Kj^ Gain Input 1 

19U1 


(2) Kj Gain Input 2 

19U2 


(3) Kp Gain first order lag 

191*3 


(h) Washout frequency 

19kh 


(5) Output gain 

191*5 


(6) t Lag time constant 

191*6 


(T) C T Output limiter 

J "*1M 

191*7 

SASDY: 

{Lateral Stick) 

Input 1 Fuselage yaw rate 
Input 2 Fuselage roll rate 

191*6-1951* 

SASDEL: 

(Elevator) 

Input 1 Fuselage roll rate 
Input 2 Fuselage pitch rate 

1955-1961 

SASDAL: 

(Aileron) 

Input 1 Fuselage yaw rate 
Input 2 Fuselage roll rate 

1962-1968 

SASDTR: 

(Tail Rotor) 

Input 1 Fuselage roll rate 
Input 2 Fuselage yaw rate 

1969-1975 

SASDRD: 

( Rudder ) 

Input 1 Fuselage roll rate 
Input 2 Fuselage yaw rate 

1976-1982 
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3.1*. 15 Shaft degrees of freedom - transmission mount . - REXOR II allocates 
up to six degrees of freedom to model a passive transmission vibration isola- 
tion mount. These degrees of freedom allov three translational and three 
rotational motions of the transmission, hub, and rctor assembly with respect 
to the fuselage. The control system remains referenced to the hub coordinates. 

The shaft degrees of freedom can be individually selected by the flags 
IS1 to IS6. See Table 53. The fuselage to transmission mount distances are 
set by the triad DZFMB, and the X, Y, Z dimension from the transmission mount 
to the hub axes by DZMBH. To accommodate rotor tilt, a set of delta Euler 
angles ♦q-* 6 og» 4* or ®-re provided. These angles are added to the 

deflections due to the snaft generalized coordinates, but do not produce 
generalized forces. 

The transmission sits on a spring-damper mount which is described to 
the program by the arrays SEAFTK (springs) and SHAFTC (dampers). 



TABLE 53- - TRANSMISSION MOUNT DA 

rr> K 

ih 


Input Quantity 

Address 

IS1 

X V shaft degree of 

9 

IS 2 

Y 1 freedom flags 

10 

IS3 

Z f =1. active; 

11 

IS4 

$ / =0. locked out 

12 

IS 5 

6 1 

13 

IS6 

4» 1 

14 

DZFMB: 

Fuselage to mount distances, m (ft) 


(1) 

X 

191 

(2) 

V 

192 

(3) 

Z (+) devn 

1*93 

DZMBH: 

Transmission mount to hub distances, 
ft 


(1) 

X 

1 * 91 * 

(2) 

Y 

495 

(3) 

Z (+) down 

496 

FEIZS 

Roll ) shaft offset 

2561 

THIZS 

Pitch/ angles v.r.t 

2562 

PHIZS 

Yaw ) fuselage axes, deg 

2563 

SKAFTK(6,6) Transmission mount spring 

matrix, N/m (lb/ft) and N-m/r 
(ft-lb/rad) (rotational modes) 

401-436 

SHAFTC(6,6) Damper matrix, N/ra/s (lb/ft/ 

sec) and N-ra/r/s (ft-lb/rad/ 
sec ) 

J 

2831-2866 
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3.^.l6 Induced flov . - The effect of main rotor down wash on the fuselage-wing 
combination and on the horizontal tails is presented to the program in the 
form of interference factors. These interference factors are tabular func- 
tions of wake angle. 

The wake angle is zero in hover, 90 deg at extreme forward flight 
speeds, and -90 deg at extreme rearward speeds. The table should have all 
values from +l8Q to -l80 deg. Values less than -90 deg or greater than 
90 deg mean the induced airflow is upward through the rotor disk due to an 
unusually high rate of descent or negative rotor lift in severe maneuvers. 

Two tables are identified with a doubly dimensioned array with the main 
rotor to wing function beginning at FXTN(l,l) and the main rotor to lower 
horizontal tail function beginning at FXTN(l,2). The upper horizontal tail 
function is identified as FXTU(I). The functions will be linearly interpo- 
lated. The format is demonstrated in Table 5^. 


TABLE 5 * 1 2 *. - WAKE ANGLE FUNCTION 


Main rotor to wing function 


FXTN(1,]) 
FXTK(2,1) 
FXTN(3,1) 
FXTN(L ,1) 

FXTN(5»l) 


B, 

X u’ 
F , 

V 

F X> 


(number of point pairs) 
1 

1 
2 

2 


FXTN(2N, 1) = X u , N 

FXTKUN + 1,1) = F x , N 

(Maximum number of data pairs is 12) 

Main rotor to lower horizontal tail function 
FXTU(1,2) = (number of point pairs) 


Main rotor to upper horizontal tail function 
FXTU(l) = (number of point pairs 
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The wing- fuselage combination produces wake effects on both horizontal 
tails. These effects are modeled as 3 */8o» or radians of dovnvash at the 
tail locations per radian of freestream angle of attack. 

An analogous effect is sidevash on the vertical tail and tail rotor due 
to sideslip. Partial derivatives of the form 3tr/ dp are input for the vertical 
tail and tail rotor. 

tfake deficiency factors are modeled to give the reduction in freestream 
velocity at the horizontal and vertical tails and tail rotor. 

If tail off aerodynamic data is specified, then overall initial down- 
wash efficiency factors * Q are required for the lower ana upper horizontal 
tails. The initial sidewash number for the vertical tail is computed from 
the associated partial derivative in the program. 

The dovnvash efficiencies are also a function of the wing incidence 
change and flap deployment if the modeled configuration is so equipped. 

These effects are modeled by the partial derivatives 3«/d^ w and 3c fdbyL' 

A series of velocity efficiency factors are modeled to account for con- 
trol surface motions and incidence change. These are for horizontal tail 
incidence, t elevator notion, t 3 ^, end rudder motion t Sru 2 * These 
inputs are tabulated in Table 55- 


TABLE 55- - INDUCED FLOW INPUTS 

Input Quantity 

Address 

FXTN(1,1) 

Main rotor to fuselage-wing 
interference factor table 

1751-1775 

FXTN(1,2) 

Main rotor to lower horizontal 
tail interference factor table 

1776-1880 

FXTU(l) 

Main rotor to upper horizontal 
tail interference factor table 

1201-1225 

DEODA 

Wing wake factor at lower 
horizontal tail, 

135 

PEHA 

Wing wake factor at. upper 
horizontal tail, 

383 

PSVTB 

Fuselage sidewash wake at 
vertical tail, (^'VdpJvr 

386 

PSTRB 

Fuselage sidewash. wake at 
tail rotor, 

107 
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TABLE 55. - Continued 


Input Quantity 

Address 

ETAE 

Equivalent velocity ratio at 
the tail rotor 

106 

ETAVT 

Equivalent velocity ratio at 
the vertical tail 

120 

ETAHT 

Equivalent velocity ratio 
at the lover horizontal tail 

121 

ETAHTU 

Equivalent velocity ratio at 
the upper horizontal tail 

122 

EOHT 

Initial dovnvash efficiency 
factor on the lover horizon- 

91 * 


tal tail, t n 

C KT 


EOHTU 

Initial dovnvash efficiency 
factor on the upper horizontal 

95 


tail, « 

°HTU 

382 

PEHIW 

Dovnvash efficiency partial due 
to ving incidence for lover 



horizontal tail, 


FEHTIW 

Dovnvash efficiency partial due 
to ving incidence for upper 
horizontal tail, (^‘/div^Tt! 

385 

PEHFL 

Dovnvash efficiency partial due 
to flap extension for lover 
horizontal tail, (^ € /36pL)jfp 

381 

PEHTFL 

Dovnvash efficiency partial due 
to flap extension for upper 
horizontal tail, 

381* 

TAUHT 

Horizontal tail incidence 
velocity efficiency partial, 
9t/ 3ijj>p 

389 

TAUEL 

Horizontal tail elevator 
velocity efficiency partial, 
3 t/3 6el 

388 

TAURUD 

Vertical tail rudder 
velocity efficiency partial 

^/^RUD 

387 
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3-k. 17 Blade Jettison simulation . - A main rotor blade jettison simulation 
can be activated. This operation is restricted to a 5-bladed system with a 
specific jettison sequence. 

Operationally, the blade-jettison sequence is activated at a prescribed 
rotor cycle measured from trim. This cycle is input in JETCTC (RA 6U). 

When activated, main rotor blades 1, 3, and 1* are removed from the general- 
ized coordinate set. The number of blades, NB, is reduced to two. At a 
prescribed number of integration steps later, q = NAZ/5, the remaining 
blades are jettisoned. At that time, quasi - static pitch horn and quasi- 
static torsion will be turned off. Also, all svashplate coordinates will 
be turned off. 

The user is reminded that some auxiliary outputs are a function of 
blade 1 data. During a Jettison sequence, "blade 1" data are redefined. 
Thus, mixed data will be processed in the signal set. 
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k. PLANNING AND OPERATING THE PROGRAM 


U.l Run Time Required 

REXOR II is a complex program and run time costs are considerable. The 
pressures to get a Job done often precludes proper attention to computer time 
savings. Nonetheless, a portion of the user's time should be made available 
for carefully checking the runs already completed, checking the inputs for 
the runs to be made and in planning the scope of the project to begin vith. 

Direct control over run time is obtained vith RA(36) = TOUT which limits 
the number of rotor revolutions in TRIM and RA(lU98) = TSTOP which limits the 
time in FLY. Cases should be rare where TCUT exceeds 2k cycles and TSTOP 
exceeds 8 seconds. These values should be examined for every new series of 
cases to see if they can be reduced. 

The program usually meets the trim criteria before the number of rotor 
revolutions reaches TCUT. The run should not be rejected out of hand for 
trim failures as the trim criteria for the controls are fairly severe. Plot 
traces have a typically exponential character and the user can readily see 
about how close to trim the case is. A 0.1 degree error in cyclic main 
rotor angles, say, is certainly not cause for rejection for a lot of cases. 

Direct control is also availaole on the number of time points computed 
per rotor revolution, RA(5l) = NAZ. The value is dependent on whether high- 
frequency modes are operative or not. Serious consideration should be given 
to operating the program with as few degrees of freedom as is reasonable. 

REXOR II has been run for minimal degrees of freedom with NAZ as low 
as 2k. Normally, though, NAZ is more like 120, 180, or 2ko , and sometimes 
even 360 to provide numerical stability. In computing the AH-56A Cheyenne 
inplane stability, damping resolution of the order of 1/10 of the structural 
damping was experienced providing the azimuth interval was small enough to 
preclude numerical instability. 

Summarizing, run times can be computed based on REXOR II input values. 
The run time per case, where a case is defined in Section 3.1 is computed 


t * ^TRIM + t FLY^^ 0, units of ®inutes/ case 


where 


t TRIM = (k) (NAZ) (TCUT) 

t FLy = (k) (NAZ) (12 )(TST0P)/2 tt 
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and 


O = RA(52) 


The other addresses are defined above. The parameter (k) has units of 
sec/azimuth, and can be determined by measuring a computer run. The data in 
Table 56 is offered as a reference. 


TABLE 56. - MACHINE TIME ESTIMATES 


k. 


No dynamic 

With dynamic 

Machine 

stall 

stall 

IBM 360/91 

0.16 

0.18 

CDC 



6600 

0.L8 

0.5U 

I EM 360/65 

1.12 

1.26 


The 360/91 values are accurate for 13 blade stations. Values for the 
other machines are estimates. It should be noted that the above values are 
based on a four-bladed rotor system. 

The user is advised to proceed slowly in submitting cases. Look over 
the output of the last case carefully. The idea is to double check the inputs, 
to spot and remove errors. Having a series of runs bomb just because one 
little input was wrong or missing is expensive. 


b.2 Trim Saving Procedures 

Trim save cards can be obtained by actuating the RA(1*7) = IPUNCH flag 
and this is highly recommended even if the next case varies considerable 
from the flight conditions of the trim save case. Some of the trim save 
inputs can be filled out by hand and will aid trim. Of first importance are 
the downwash of the main rotor and the tail rotor, RA(65) = WIMR and RA(77) = 
WITR. Other quantities which may be initialized to aid in reaching final 
trim values are RA(53), RA( 5** ) , RA(55), RA(56), RA(57), RA(58), RA(59) and 
RA(63) if they are among the set of trim variables selected by the trim 
option. There are other factors discussed in detail in Section 3. 1 *.3. 
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lj.3 Troubleshooting 


Troubleshooting here shall be limited in discussion to the effort 
required to fly a new helicopter configuration in the program where only 
relatively simple program changes are required. The effort required to 
check out a major change of the program that affects the primary degrees 
of freedom is at least an order of magnitude greater than that required to 
check out new input data. 

Checkout of the program should proceed by repeating a known case and is 
aided by correlating with any available test data, such as whirl tower or 
tie-down tests. Lacking test data, simpler analyses can sometimes be used 
in limited comparisons of performance and handling qualities. In areas where 
tests data or simpler analyses are not available, the user must use great 
care in evaluating the inputs and in determining the reasonableness of the 
output results. Ail the output should be carefully examined and new output 
programmed if doubts can not be clarified. Sometimes special check can be 
devised such as fixing a roll rate on the rotor and observing the value of 
the required pitch processional moment, or observing the flap displacement 
and root blade moment obtained with an increment in the feather angle, etc. 

The steps required to get a new configuration up and running can be 
serialized as follows: 

1. Gathe: ing of data. The user must obtain all details on the con- 
figuration especially in regard to blade sweep, blade droop, 
blade jogs, feather bearing cone angles, pitch horn stiffness, 
blade inertial ar.d modal data, pitch-flap-lag couplings, swash- 
plate stiffness, and shaft flexibility. The stability of the 
rotor modes are often highly dependent on the values of these 
inputs . 

2. Write up and implement program modifications. Here only simple 
modifications are assumed which are almost inescapable for a new 
configuration. One needs to be more careful with changes that 
affect the physical model being represented through the equa- 
tions of motion compared to changes in say, the output-input 
format . 

3. Decide what degrees of freedom can be removed. The character- 
istic frequency of the torsion or the swashplate may be too 
high to be significant. The engine degree of freedom usually 
can be turned off except for autcrotation or extreme maneuvers. 

A fixed shaft study involving the blades and the swashplate 
degrees of freedom only may be appropriate. Another strategy 
that can be employed is to turn all possible degrees of free- 
dom off to begin with tc simplify the checkout, then add shaft 
bending, etc., ar.d re~heck the output. 
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ORIGINAL PAGE S 
OF POOR QUALITYI 



U. Compute one pass of the program. Here the simple errors which 
lead to zero divide, no initialization, etc., will he apparent. 

This stage is complete when the tabulation for the first time 
point appears. The tabulation of the inputs include a card list- 
ing and then a relisting of input in like groupings. The inputs 
are rechecked using the like-grouping format which may make it 
easier to spot wrong numbers. Also at this time the statements 
for program changes are reviewed for correctness. 

5. The next stage occurs when a portion of the TRIM time history is 
obtained. Check all quantities in the tabulation of the first 
time point against the inputs for reasonableness; also check for 
signs, zeros and the absence of huge numbers. Examine the time 
histories to see that all quantities have started off properly. 

If a rapid divergence or oscillation has occurred, numerical 
instabilities are tc be suspected; a low rate could mean the trim 
gains are too low. A good value is one that causes a pure, rapid 
convergence without overshoot oscillations or indications the 
trim variable is following vibratory loads. Numerical instabil- 
ities may be cured by using a smaller increment between time 
points. A rapid divergence may, however, be a simple input error 
in the spring rate, etc. 

6. Next, a portion of tne FLY time history will run. Check the TRIM 
time histories to see the trim variables plots are almost horizon- 
tal near the end of TRIM indicating a true TRIM condition has been 
closely approached. In FLY numerical difficulties may again occur. 
Check the tabulation at the end of TRIM and the beginning of FLY 
for reasonableness of values. A point is finally reached when the 
FLY plots appear reasonable, that the system is stable without any 
control input (or if not, should be expected) and that the system 
moves in the proper direction and with about the expected magni- 
tude upon application of a control input. A good rule is to apply 
no input for the first half or full second of FLY. This procedure 
helps determine the quality of TRIM and provides a reference level 
for the control input to follow. Difficulties can be evident which 
may only be due to an unsatisfactory design. Careful attention 
would be paid to the inplane mode stability in its collective, 
cyclic or reactionless manifestations. Parameter sensitivity 
studies may be in order or perhaps more flight conditions should be 
investigated. 

A few messages are printed, some relating to bomb flags. These flags 
are not intended to be an error detection system. Also the location from 
within the program where they originate is net indicated. 


ORIGINAL PAGE IP 
OF POOR QUALITY 
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There are & few large number detectors which stop the case when they 
are exceeded. Included are excessive values for the trim variables, for 
root blade loads, and blade deflections. The intention is to detect a 
divergence from within the program before a computer overflow occurs. Then, 
the time history plots with automatic scaling based on the largest values 
will be useful. Without bomb tests, a computer overflow number like 1077 
will cause all plot data to look like zero except for the last point. 


198 



5. TABULATED OUTPUT 


v KIGINAL PAGE IE 
POOR QUALITY 


An example of tabulated data is presented in Table 57. The first block 
of printout is a complete list cf the input data deck as submitted. A card 
column court header is presented for checking. This form of output is 
helpful in determining input card image errors. This block is followed by 
a formatted listing of the sare input data, waster data are assembled and 
printed in cataloged forms. Single address inputs are identified and listed 
numerically. Tabular data is presented in table form for better readability. 
Case data fellows the master data, and is presented as an exception report. 
Case data is identified as ’’LIST OF CHANGES TO MASTER DATA". Optional 
printout new follows with the SWEEP diagnostic output d_ : cussed in Sec- 
tion 3. ^.5.5. The optional mass matrix print follows as also given in 
Section 3-^.5- 5- The end of a successful run is indicated by 3 he comment 
"TEE CASE IS COMPLETED". The total trajectory run time is indicated. This 
comment is followed by the indicated lengtr of TRIM. Three other pieces of 
information ere provided. First is the number of points saved in the signal 
set as the save frequency. Then the blocked time his tor;.- output follows. 
Finally, optional harmonic output is printed. 
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TABLE 57. - SAMPLE REXOR TAB OUTPUT 
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00 
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10 
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12 
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13 
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00 
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N4 

0.0 
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17 
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1* 
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0.0 


19 **OA!N** 
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20 
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0.0 

?i 
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7? 
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0.0 

23 
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0.0 
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23 
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0.0 
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o.o 
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30 
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ii 
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3C 
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33 
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0.0 
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0.3 

3. 
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37 

iC 
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37 
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0.9 
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60 
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0.0 

*1 
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*7 
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A3 
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0.0 
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63 
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0.0 
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ah 
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00 
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30 
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0.0 

51 
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12 
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33 
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0.0 
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5* 
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0.0 
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K 

vt 
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63 
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6» 
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66 
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70 


0.0 

n 
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72 
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C.O 

73 
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77 

MU 

c.o 

n 
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7* 

• •<1AEN«* 

0.9 


AO ••0A6N** 

0.0 

A 1 

A 
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J2 
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•j: 
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0.0 

69 
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0.0 
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«1 

f MASS 
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flT*Z2 

0.0 

"3 

H 

1.000! 

0) 

*6 «0«T 
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93 

ecNTti 

t.oooe -02 

7a 


PC 

.7 

573 

n.aooe-oi 

** 

6LT9 

7.660! 

01 

•9 COOTA 

H.*uOf-OJ 

100 

!ATA 

1.2001-01 

1-1 

!.*T 

i. "71 f. 1 

H? 

I.VI 

3.7,30? 01 

133 

HVT 

A. 300! 

90 

106 B01T 

0.0 

103 

TAIUON 

0.0 
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FTaS 

u . 7 v r-‘ > 

i'7 

PCI*? 

A.AOC F-Ol 

10 A 

UINTA 

0.0 


109 3N3 

2.S7AS-03 

no 

co«o 
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111 

CNTC 

pi 

112 

rwHTu 

0.3 

113 

• •pel's** 

O.P 


U6 AC! 

0.0 

115 

At* 

1.090! 02 

IH 

»nr. 

c • . 

117 

At'. 

I.COtS C? 

11* 

I77CA 

3.000! 

00 

119 CHI 

0.0 

120 

NVT 

9.700! -01 

1:1 

N«T 

®.oj.C-Cl 

172 

Until 

i.aocr oo 

123 

0KXC5 

6.766! 

03 

126 03VCS 

6,661! 03 

123 

AIT AC 

0.3 

u* 

lo’.n 

- • V 

127 

TP'.C 

.*0 

12C 

AAUOO 

1.562! 

09 

129 0«!AR 

3.A17T-0I 

l?c 

••0*<N66 

O.C 

m 


-• 5 

P? 

*»CAEN«* 

0.0 

13? 

**n*PN»* 

0.0 


136 CtC«LC 

0.3 

1*3 

Of.UlA 

3.5001-01 

17a 

r 

6 • 3 7 * 1 

137 

1 

2. 5001 0* 

13! 

0C«2 

5 . OOP! 

91 

139 SANA3S 

1.7C0! CO 

HO 

.35.22 

2.300! 06 

1*1 

:oi 

op 
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**' pei4«» 

0.0 

16.3 
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1.000! 

93 

166 TH7NSN 

-l.OOPf 00 
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TAw( t| 

0.0 

1-t 

t*\m i» 

c . - 

1.7 

M-Vl M 

C.O 

14* 

••0A5 N*» 

9.0 


16* ••OAFN** 
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'j 

1.37SS 00 
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0.0 

27 3 

••OAF M»» 

0.0 


276 YTA 
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l.OtOC 00 

?M 

TCI 2 1 

5.OO0E-O2 

279 

Tcm 

l. 000! -01 

290 TC (67 

0.0 
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tci * a 

0.0 

272 
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273 

TmiyC 

J.iOO'-O? 

2*4 

TXS 

0.3 


29J ••OACN** 

0.0 
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0.0 
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:-.32',E 01 
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1.0006 00 
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JV 
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0.0 
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0.0 
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0.0 
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a “2 
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0.0 
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PfNM tl 
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• wtn 
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2 > 7 
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P.3 
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07 
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-M 
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0.0 

**l 
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0.0 
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0.0 
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0.0 
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0.0 

!•>! 

p.v.o 

1.12u- 0* 
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333 


i.oooe 00 

i** 

K2p**M 

7.300C 00 

*** 

TANS 

7.5901-01 

5*6 



• *7 
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1?** 
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126* 
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0.3 
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GAT7A 
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PM1*!P 
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SPAS 

0.0 
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;.cc,.= 00 

12 '7 
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12*0 
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HP 

i.oeoe-oi 
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0.0 
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0.0 

1 3 i* 
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0.0 
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0.0 
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0.0 
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••OPENP* 
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0? 
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01 
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J 
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02 
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00 
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01 
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04 
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0.0 

i 4 y'3 
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7 
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0.0 
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00 
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00 
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09 
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90 
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01 
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00 
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b 
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00 
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0.0 

0.0 

0.0 

0.0 
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0.0 

0.0 

0.0 
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0.0 

0.0 

0.0 

0.0 
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0.0 

0.0 

0.0 
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0.0 
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0.0 
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0.0 
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0.0 

0.0 
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0.0 
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0.0 

0.0 

0.0 
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0.0 

0.0 
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0.0 

0.0 
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01 
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00 
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01 
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02 
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02 
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02 
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02 
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01 
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-I 
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02 
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Cm 
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01 
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Cl 
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0.0 


0.0 
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Cl 


03 
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01 
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01 
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01 
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Cl 


01 
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03 
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01 
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Cl 

C.O 
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1751 
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iti. 



1 *. 

13 . 


IS. 


11 *. 


19 . 

to. 


1 *. 


19 . 


119 . 


no. 



in. 

0 . 


0. 
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A 
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10 


20 


21 


22 
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0.0 
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0.0 
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0.0 
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0.0 
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0.0 
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0 .764320E 60 

C.O 


0.1719221 Ot 

-0.8299402-04 

-0.997952* 

00 
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6. COMPUTER INSTALLATION REQUIRQtENTS 

REXOP. II is written entirely in FORTRAN 17 and bu been developed cm an 
IBM 360/91 computer. Hardware dependency is restricted to only a few major 
software areas: 

1. Fortran initialisation of literal data is word sise dependent . 

2. Graphic output software is Cal comp dependent. 

Software incompatibilities are restricted to: 

1. Character string definition techniques. 

2. Overlay features. 

REXOR II w ill run on any IBM 360 or 370 model which is large enough to 
support IBM's FORTRAN IV H-level corapiler. One routine in REXOR II, namely 
SWEEP1, requires L90 k bytes of core to compile. This is the pacing item 
on IBM core requirements. Besides the normal FORTRAN input, output, and 
punch output devices, REXOR II utilizies three auxilli&ry storage I/O units. 
The I/O operations are sequential; thus, the actual device type is not 
important. All installation dependent software has been removed to enhance 
portability, except as mentioned above, in the area of graphic output. 

Besides its parent installation, REXOR II has been installed at the 
Langley Research Center computer complex which includes CDC 6 000 series com- 
puters and software. Specifics concerning the program as installed on IBM 
and CDC hardware, and in particular the installations mentioned, will be 
presented below. 


6.1 IBM 360/370 Series Hardware 

REXOR II requires a minimum of L90 k bytes of core for compilation. 
This requirement is due to subroutine SWEEP1. If SVEEP1 is compiled sepa- 
rately, the compilation core requirement is substantially reduced. The 
core requirement during execution is approximately 260 k bytes when the 
overlay option of the LINKAGE EDITOR program is invoked. A general 
schematic of the IBM overlay structure is presented in Figure 11. The 
program was somewhat arbitrarily divided into the classic INPUT- PROCESS- 
OUTPUT categories. The current structure is not minimal in design. 
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ROOT SEGMENTS 



Figure 11. - I.B.N. overlay structure. 


The program logical I/O unit numbers and usage are indicated in the 
following Table 58. 


TABLE 58. I/O UNITS 

Unit 0 

Usage 

5 

Normal Fortran Input Data Set 

6 

Normal Fortran Output Data Set 

7 

Punch Card Output Data Set 

10 

Scratch Data Set 

12 

Scratch Data Set 

lU 

Scratch Data Set 
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The device requirements for the scratch units 10, 12, and 14 are direct 
access or magnetic tape. Typical DCB parameters are: 

UNIT 12 - RECFM-FB, LRBCL-80, BLKSIZE=800 

10 - RECFM-VSB, BLKSIZE=3240 

14 - RBCFM-VSB, BLKSIZE=32U0 

The space parameter of the data definition control statement is a 
function of the actual device used. The following normal working limits 
should be allocated. However, these numbers are not absolute. 

UNIT 12 - 80 k bytes 

14 - 12 k bytes 

10 - 480 k bytes 

Unit 10 is used to save the si^iai set. Thus, space allocation is a 
function of signal save frequency and length of trajectory and should be 

reviewed with these parameters in mind. 

A sample job control language (JCL) set is given in Figure 12 which 
summarizes the IBM setup information. 

6.2 CDC 6000 and 7000 Series Hardware 

REXGP. II has been installed on CDC hardvare at LRC, Langley Research 
Center. Software requirements in the area of literal definitions and 
overlay capabilities are significantly different from IBM. Therefore, a 
separate CDC compatible version must be maintained. 

The complete source and object are stored at the LRC computer center on 
disc and tape (source only). CDC core requirement for compilation (0PT=l) is 
approximately 60,000 octal words. The field length for the execution phase is 
approximately 140,000 words. CDC 6600 compilation time for the complete pro- 
gram has been measured at approximately 200 seconds. The program auxiliary 
storage device requirements are the same as described in Section 6.1. Beyond 
the actual definition of the units, the program accepts default system 
definitions . 

The CDC overlay structure is conceptually similar to the IBM version; 
however, the physical implementation is quite different. The CDC overlay 
program structure is presented in Figure 12. 

6.3 Graphic Hardware/Software Requirements 

Graphic output capability is highly installation dependent. Even though 
the two installations at which REXOR II has been installed all use CALC0MP 
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Figure 12, — IBM job control lang ua ge 



INSERT SHAFT* 
INSERT TEF* 
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Figure 12. • Concluded 
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drum plotters, the driving software is somewhat different. The two 
installations are characterized in Table 59. 


TABLE 59- - CALCOMP OPERATION 

Facility 

Hardware 

Identification 

Software 

Calac 

CALCOMP 765 
12-inch drum 


CALAC enhanced 
CALCOMP software 

Langley 

CALCOMP "65 
12-inch drum 


LRC Graphic 
Output System 
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CDC overlay structure 
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